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sluggish  reactivity.  Isolation  and  characterization  of  these  inter- 
mediates were  achieved*  and  their  low  reactivity  towards  monomer  was 
demonstrated. 

Polymerization  of  cyclic  cyclopropenone  ketals  was  accomplished 


conditions.  A mechanism  was  proposed  involving  ring-opening  of  the 
cyclopropane  moiety  to  generate  a dialkoxycarbonium  ion  intermediate. 
Propagation  occurred  by  several  distinct  and  simultaneous  pathways 
producing  a complicated  polymeric  structure.  Elucidation  of  the 
structure  was  aided  by  synthesizing  several  model  compounds. 

Cyclopropenone  ketals  and  orthoacrylates  did  not  homopolymerize 
in  the  presence  of  radical  initiators.  However,  radical-initiated 
copolymerization  of  these  monomers  with  several  comonomers  was  accom- 
plished, and  their  corresponding  reactivity  ratios  were  calculated. 

Low  reactivity  ratios  were  obtained  and  were  attributed  to  steric 
inhibition  of  propagation.  The  structure  of  the  copolymers  was  eluci- 
dated through  spectral  analysis  and  chemical  modification. 

The  participation  of  a charge-transfer  complex  was  suggested  in 
the  copolymerizaticn  of  6,6-dimethyl-4,8-dioxaspiro(2.5)oct-l-ene  and 
N-vinyl pyrrol i done.  The  complex  was  detected  in  the  ultraviolet 
spectrum,  and  the  equilibrium  constant  for  complexation  was  deter- 
mined by  MMR  techniques.  Copolymerization  between  a 1:1  charge- 
transfer  complex  and  non-associated  acceptor  was  proposed  to  account 
for  a 2:1  incorporation  of  acceptor  to  donor  in  the 


copolymer. 


CHAPTER 


INTRODUCTION 

While  attempting  to  synthesize  compounds  potentially  capable  of 
intramolecular  charge-transfer  complexation,  Baucom  and  Butler1  de- 
vised a relatively  simple  procedure  for  the  preparation  of  3,3-di- 
methoxycyclopropene.  The  synthesis  involved  the  treatment  of  the  com- 
mercially available  2,3-dichloropropene  with  N-bromosuccinimide,  meth- 
anol and  acid  catalyst  to  give  l-bromo-3-chloro-2, 2-dime thoxypro pane 
in  moderate  yields.  Subsequent  dehydrohalogenation  with  two  equiva- 
lents of  potassium  amide  afforded  the  cyclopropenone  ketal  in  a 50? 
yield. 


Albert  and  Butler2  were  unable  to  consistently  duplicate  the 
yield  of  3,3-dimethoxycyclopropene  previously  reported.  However, 
significant  Improvement  of  the  yield  was  realized  by  reversing  the 
order  of  addition  of  reactants  in  the  dehydrohalogenation  process, 
yields  in  the  range  of  40-58?  were  obtained. 


An  investigation  of  the  reactivity  of  3,3-dimethoxycyclopropene 
revealed  it  to  possess  an  electron-deficient  double  bond. ^ ^ Diels- 
Alder  reactions  of  the  ketal  with  several  electron-rich  dienes  gave 
the  corresponding  7,7-dimethoxy-3-norcarenes  in  high  yields.^  In 
addition,  a Otels-Alder  adduct  with  the  electron-rich  1,3-diphenyl- 


Nucleophilic  attack  at  the  electron-deficient  double  bond  of  3,3- 
dimethoxycyclopropene  by  secondary  amines  gave  rise  to  a mixture  of 
cyclopropylamines  and  B-alanine  derivatives. 


Further  support  for  the  existence  of  an  electron-poor  double  bond 
in  3,3-dimethoxycyclopropene  was  provided  by  charge-transfer  complexa- 
tion  studies.  Equilibrium  constants  for  complexes  formed  with  styrene 
and  divinyl  ether,  two  electron-rich  olefins,  were  measured  using  NMR 
techniques.  The  magnitude  of  the  constant  obtained  for  the  complex 
with  styrene  was  significant  although  comparatively  lower  than  that 
obtained  for  the  styrene-maleic  anhydride  complex. 


In  an  attempt  to  synthesize  a more  stable  cyclopropenone  ketal, 
several  cyclic  ketal  analogues  were  prepared.  Treatment  of  1-bromo- 
3-ch  loro-2, 2-dime  I.  hoxy  propane  with  an  appropriate  diol  in  the  pre- 
sence of  acid  catalyst  gave  the  corresponding  cyclic  ketal  in  high 
yield.  Subsequent  dehydrohalogenation  by  the  established  procedure 
afforded  several  cyclic  cyclopropenone  ketals  which  exhibited  en- 
hanced stability  over  the  parent  compound.^ 


The  reaction  of  methanol  with  3,3-dimethoxycyclopropene  afforded 
trimethyl  orthoacrylate  as  the  only  product.  None  of  the  expected 
1,1,2-trimethoxycyclopropane  was  detected.  Similar  reactions  were 
observed  for  a variety  of  alcohols  indicating  the  generality  of  this 
synthetic  route  to  substituted  orthoacrylates.  In  addition,  several 
cyclic  orthoacrylates  were  prepared  from  the  corresponding  cyclic 
cyclopropenone  ketals. 


Under  relatively  mild  conditions,  cyclopropenone  ketals  readily 
dimerized  in  alcohol  solvents.  The  isolated  dimer  was  not  a reactive 
intermediate  in  the  formation  of  orthoacrylates. 
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undertaken  to  further  investi- 


The  present  research  program  was 
gate  the  synthesis  of  cyclopropenone  ketals  and  orthoacrylates  with 
the  intentions  of  Improving  the  existing  syntheses  and  devising  alter- 
nate syntheses.  In  addition,  a study  of  the  polymerizability  of 
cyclopropenone  ketals  and  orthoacrylates  was  undertaken  for  the  pur- 
pose of  synthesizing  novel  and  potentially  useful  homopolymers.  A 
copolymerization  study  was  also  carried  out  in  order  to  further  estab- 
lish the  chemical  reactivities  of  cyclopropenone  ketals  and  ortho- 
acrylates and  produce  new  copolymers. 


CHAPTER  II 

SYNTHESIS  OF  CYCLOPROPENONE  KETAIS 
A.  Alternative  Cyclization  Routes 

The  previous  method  for  preparation  of  cyclopropenone  ketals 
involving  dehydrohalogenation  with  potassium  amide*’^  suffered  from 
the  necessity  of  handling  large  quantities  of  potassium  metal  and 
liquid  ammonia  in  a tedious  and  time-consuming  procedure.  Sodium 
amide  was  chosen  as  an  alternative  dehydrohalogenating  agent  since 
it  could  be  purchased.  As  a result,  the  expense  and  handling  of 
potassium  metal  was  eliminated,  and  the  volume  of  liquid  ainnonia 
required  was  reduced  by  one-half. 

In  a typical  procedure,  an  appropriate  volume  of  liquid  ainnonia 
was  condensed  (1.2  liters  per  mole  of  sodium  amide  used),  and  finely 
ground  sodium  amide  (Aldrich)  was  added  in  small  portions.  Typical 
additions  required  two  hours  and  were  followed  by  a two-hour  reaction 
period.  Work-up  was  similar  to  that  described  previously,  except 
that  anhydrous  diethyl  ether  containing  two  mole  % hydroquinone  was 
added  to  replace  the  evaporating  ainnonia.  The  hydroquinone  Inhibited 
decomposition  of  the  product  during  isolation  and  purification. 

Yields  were  10  to  30*  lower  than  those  reported  for  dehydrohalogena- 
tion with  potassium  amide.  However,  the  decrease  in  time  and  expense 
and  the  enhanced  safety  of  the  procedure  compensated  for  the  decrease 
in  yield. 


Other  methods  for  the  preparation  of  cyclopropenone  ketals  were 
investigated  to  further  simplify  monomer  synthesis.  Dehydrohalogena- 
tion  with  methanolic  potassium  hydroxide,  l,5-diazabicyclo[3.4.0]no- 
nene-S  and  potassium  t-butoxide  in  dimethyl  sulfoxide  were  not  suc- 
cessful, presumably  because  the  prescribed  reaction  conditions  were 
too  harsh  for  the  survival  of  the  product.  Attempts  to  remove  the 
product  as  it  formed  and  trap  it  at  dry  ice  temperatures  were  also 
unsuccessful.  In  addition,  a sodium  amide  suspension  in  mineral  oil 
did  not  react  with  the  precursor  at  165  to  220°C,  due  to  the  insolu- 
bility of  the  starting  materials  in  the  reaction  medium. 

B.  Stabilization  of  Cyclopropenone  Ketals 

The  poor  stability  of  3,3-dimethoxycyclopropene  (I)  caused  great 
difficulties  with  its  purification  and  handling.  The  monomer  under- 
went facile  hydrolysis  to  cyclopropenone  in  the  presence  of  water* 
and  was  handled  under  anhydrous  conditions.  Despite  precautions  to 
exclude  water,  oxygen  and  light,  decomposition  of  the  monomer  was 


In  order  to  enhance  the  stability  of  3,3-dimethoxycyclopropene, 
several  cyclic  ketal  analogues  were  synthesized.  An  acid  catalyzed 
transketalization  of  l-bromo-3-chloro-2,2-dimethoxypropane  (II)  to 
the  corresponding  cyclized  structure  was  followed  by  dehydrohalogena- 
tion  to  give  the  analogous  cyclic  cyclopropenone  ketal  (Equation  1). 
Several  cyclic  cyclopropenone  ketals,  (III)  through  (V),  were  suc- 
cessfully synthesized. 
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(I)  (HI)  (IV)  (V) 

As  anticipated,  the  cyclic  cyclopropenone  ketals  exhibited  a 
marked  increase  in  stability  over  the  parent  compound,  particularly 
6,6-dimethyl-4,8-dioxaspiro(2.5)oct-l-ene  (V)  which  could  be  treated 
with  calcium  hydride  without  substantial  decomposition.  The  resulting 
anhydrous  monomer  was  stored  at  -40°C  in  a sealed  tube  at  It)’6  torr 
for  several  days  with  no  noticeable  color  formation. 

Several  sources  in  the  chemical  literature  point  out  that  2-sub- 
stituted  1,3-dioxalanes  and  1,3-dioxanes  were  susceptible  to  ring- 
opening  in  the  presence  of  cationic  and  radical  species,  and  were 
polymerized  under  suitable  conditions/’7  As  a result,  the  cycliza- 
tion  of  the  ketal  moeity  in  cyclopropenone  ketals  introduced  an  addi- 
tional mode  of  polymerization  into  the  monomer  which  could  greatly 
complicate  the  mechanistic  and  structural  features  of  its  polymeriza- 


In  order  to  prevent  ring-opening  of  the  1,3-dioxa-heterocycle, 
the  alpha-methylene  carbon  atoms  could  be  sterically  protected  by  the 
attachment  of  various  substituents/*®  Several  sterically  protected 
cyclopropenone  ketals,  (VI)  to  (IX),  were  conceivable,  and  synthetic 


sought. 


Unfortunately,  none  of  the  above  mentioned  compounds  were  suc- 
cessfully synthesized  as  a result  of  the  incapability  of  preparing  the 
appropriate  1,3-dihaloketal  precursor.  Transketal ization  of  (II)  with 
pinacol  (Equation  2a)  or  2-methy!-2,4-pentanediol  with  sulfuric  acid 
or  p-toluenesulfonic  acid  catalyst  resulted  only  in  an  acid  catalyzed 
dehydration  of  the  diol  under  an  assortment  of  reaction  conditions. 

For  example,  pinacol  underwent  the  pinacol  rearrangement  to  form 
pinacolone  (Equation  2b).  Such  behavior  was  only  observed  for  terti- 
ary diols  where  loss  of  a water  molecule  to  give  the  tertiary  carbon- 
ium  ion  was  favored  over  transketalization.  In  contrast,  the  secon- 
dary diol,  2,3-butanediol , underwent  transketalization  with  (II)  to 
form  2-bromo-2-chloro-4,5-dimethyl-l,3-dioxolane  (X)  in  64%  yield 


(Equation  3). 
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(3) 


Attempts  to  prepare  the  precursors  to  monomers  (VI)  and  (VII)  by 
first  forming  the  corresponding  acetone  ketal  followed  by  alpha-bro- 
mination  were  also  unsuccessful.  The  acetone  ketal  intermediate  from 
pinacol  (XI)  was  prepared,  but  subsequent  bromination  resulted  in  the 
hydrolysis  of  the  ketal  to  1,3-dibromoacetone  despite  mild  conditions 
and  precautions  to  trap  HBr  with  various  bases  (Equation  4).  Even 
the  presence  of  one  equivalent  of  CaCO-,  as  acid  scavenger,  did  not 
prevent  hydrolysis  of  the  ketal. 

Another  route  for  the  preparation  of  the  precursor  to  compound 
(VI)  was  attempted  by  ketalizing  1,3-dichloropropanone  with  pinacol  in 
benzene  or  toluene  (Equation  5).  Despite  the  replacement  of  the  bro- 
mine atom  with  the  less  bulky  chlorine  atom,  formation  of  the  cyclic 
ketal  did  not  occur.  Apparently,  steric  inhibition  of  the  desired 
ketal ization  reaction  by  the  halogen  atoms  was  a major  factor  since 
acetone  readily  reacted  with  pinacol  to  form  2,2,4,4,5,5-hexamethyl- 
1,3-dioxolane  (XI)  under  similar  conditions. 


A previously  reported  synthesis  of  benzodioxoles  and  dibenzo- 
dioxepins^  was  employed  for  the  preparation  of  the  1,3-dihaloketal 
precursors  to  compounds  (VIII)  and  (IX).  The  reaction  of  1,3-di- 
chloropropanone  with  catechol  or  O.O'-bisphenol  gave  no  desired  pro- 
duct, but  rather  the  formation  of  a deep  purple  substance  occurred. 
As  in  the  case  of  pinacol  (Equation  4),  alpha-bromination  of  the 
corresponding  acetone  ketals  resulted  in  hydrolysis  to  1,3-dibromo- 
acetone,  and  transketal ization  of  the  dimethoxy  ketal  (II)  with  acid 
catalyst  was  likewise  unsuccessful. 

One  final  attempt  at  producing  a cyclopropenone  ketal  stable  to 
nucleophilic  ring-opening  was  undertaken  by  investigating  the  syn- 
thesis of  the  analogous  thioketal.  The  1,3-dithiane  derivatives  were 
stable  to  nucleophilic  ring-opening  and  could  readily  be  converted  to 
the  ketone  by  treatment  with  HgClj.1®  Unfortunately,  when  1,3-pro- 
panedithiol  was  reacted  with  (II)  no  thioketal ization  occurred. 
Instead,  the  primary  halogens  underwent  nucleophilic  substitution  by 
the  thiol  functional  group  (Equation  6). 


CHAPTER 


SYNTHESIS  OF  ORTHOACRYLATES 

The  synthesis  of  2-methoxy-2-vinyl-5,5-dimethyl-l,3-dioxane 
(XII)  was  carried  out  by  refluxing  methanol  over  calcium  hydride 
(CaH-)  for  3 hours  followed  by  the  dropwise  addition  of  (V)  (Equa- 
tion 7).  Previously,^  orthoacrylates  were  prepared  by  treating  an 
appropriate  cyclopropenone  ketal  with  absolute  alcohol  which  had  been 
distilled  from  magnesium  prior  to  use.  By  synthesizing  the  ortho- 
acrylate (XII)  In  the  presence  of  CaH~,  the  alcohol  purification  step 
was  eliminated,  and  the  percentage  yield  of  product  was  increased 


(V)  (XII) 


An  alternate  synthesis  of  orthoacrylates  was  also  developed  which 
involved  a nucleophilic  addition  of  alkoxide  anion  to  an  vinyl  dialk- 
oxycarbonium  ion.  For  example,  when  ethyl  acrylate  was  reacted  with 
diethoxycarbonium  hexachloroantimonate  (XIII)  alkylation  occurred  at 
the  carbonyl  oxygen  atom  to  form  vinyl diethoxycarbonium  hexachloro- 
antimonate (XIV).  The  salt  was  isolated  and  reacted  with  sodium 
methoxide  to  give  the  corresponding  diethylmethyl  orthoacrylate  (XV) 
in  high  yield  (Equation  8). 


Likewise,  Z-vinyl-5,5-dimethyl-l,3-dioxenium  tetrafluoroborate 


(XVI J was  synthesized  by  an  intramolecular  alkylation  at  the  carbonyl 
oxygen  atom  when  s,0-dimethyl-Y-bromopropyl  acrylate  (XVII)  was  treated 
with  AgBF,  (Equation  9).  Subsequent  nucleophilic  addition  of  methox- 
ide  to  (XVI)  gave  the  orthoacrylate  (XII). 


CHAPTER  IV 


HOMOPOLYMERIZATION  STUDIES 

Numerous  polymerization  initiators  were  considered  for  the  homo- 
polymerization of  3,3-dimethoxycyclopropene  and  other  cyclic  ketal 
analogues  which  might  induce  propagation  to  occur  through  an  allyl 
propagating  species  (Equation  10). 


The  proposed  polymer  could  be  isolated  and  characterized,  and 
subsequently  hydrolyzed  to  give  a structure  comprised  of  a,R-unsatu- 
rated  carbonyl  units.  It  may  exhibit  semi -conduction  or  light-sensi- 
tive properties  due  to  the  extended  conjugation  of  the  structure. 

The  above  mechanism  was  proposed  on  the  basis  of  an  earlier  reac- 
tion mechanism  designed  to  account  for  the  formation  of  orthoacryl- 
ates by  treatment  of  cyclopropenone  ketals  with  excess  anhydrous 
alcohol.  This  scheme  (Equation  11)  was  applicable  to  most  alcohols 


due  to  the  possession  of  a weakly  acidic  proton.  Because  the  mecha- 
nism was  believed  to  involve  a cationic  intermediate,  polymerization 
via  a cationic  pathway  was  investigated  initially. 


A.  Cationic  Initiation  of  Cyclopropenone  Ketais 

The  polymerization  of  cyclopropenone  ketais  with  several  cationic 
initiators  was  carried  out  with  no  evidence  of  homopolymerization 
occurring.  Boron  trifluoride  gas  (BFj),  boron  trifluoride  etherate 
(BFj-OEtj),  triethyl  oxonium  tetrafluoroborate  (EtjOBF^),  triphenyl 
carbonium  hexachloroantiminate  (03CSbCl 6 ) , fluorosulfonic  acid 
(FSOjH),  and  methyl  trifluoromethyl sulfonate  (CFjSOjCHj)  were  all 
known  to  initiate  polymerization  of  cationically  polymerizable  mono- 
mers. However,  none  of  these  initiators  gave  linear  polymer  from 
cyclopropenone  ketal  monomers  under  established  conditions  for  poly- 
merization. 

The  low  reactivity  of  cyclopropenone  ketais  in  the  presence  of 
various  cationic  species  was  not  consistent  with  that  expected  for 
the  highly  strained  cyclopropane  double  bond.  The  sluggish  reactivity 
of  the  monomers  suggested  the  formation  of  a very  stable  intermediate 


which  exhibited  little  inclination  to  propagate  with  monomer.  Simi- 
lar behavior  was  reported  for  vinyl  amine,  where  cationic  initiation 
produced  a carbonium  ion  which  was  not  sufficiently  reactive  to  sus- 
tain propagation."  The  low  reactivity  of  the  cationated  species  was 
attributed  to  resonance  stabilization  of  the  positive  charge. 

Two  resonance  stabilized  carbonium  ions  which  were  derivable 
from  cyclopropenone  ketals  were  proposed  to  explain  the  sluggish 
reactivity  of  these  monomers  in  the  presence  of  cationic  initiators. 
The  first  intermediate  postulated  was  an  vinyl  dialkoxycarbonium  ion 
(XVI)  identical  to  that  proposed  in  Equation  10  and  previously  syn- 
thesized in  Equation  9.  Alternatively,  since  most  cationic  initia- 
tors are  good  alkoxide  abstraction  agents,  3 a cyclopropenylium  ion 
( XV 1 1 1 } arising  from  abstraction  of  alkoxide  anion  from  the  sp3  carbon 
atom  of  the  cyclopropenone  ketal  was  conceivable  (Equation  12). 

ICX  ^ 

(V)  R (XVI) 

R+j(b)  (12) 

j^O-^X^OR 

(XVIII) 

Allen  and  Plesch"  postulated  the  formation  of  an  vinyl  dialkoxy- 
carbonium intermediate  to  account  for  the  inability  of  acrylate  mono- 
mers to  polymerize  In  the  presence  of  cationic  initiators.  Presum- 
oxygen  was  the  site  of  highest  nucleophilicity  and 


ably  the  carbonyl 


irreversibly  reacted  with  the  cationic  initiator  to  produce  the 
proposed  vinyl  dialkoxycarbonium  ion  (Equation  13).  Stabilization 
through  resonance  with  the  double  bond  and  the  two  adjacent  oxygen 
atoms  generated  a highly  delocalized  carbonium  ion  which  was  suffi- 
ciently stable  to  prohibit  propagation.  Thus,  acrylate  monomers 
scavenged  the  initiator  ions  without  regenerating  a chain  carrier. 
Evidence  for  the  formation  of  vinyl  dialkoxycarbonium  ions  from 
acrylates  was  provided  when  an  analogous  cation  (XIV)  was  isolated 
from  the  reaction  of  ethyl  acrylate  with  ethyl  carbonium  ion  (Equa- 
tion 8). 


The  low  reactivity  of  the  vinyl  dialkoxycarbonium  ion  (XVI)  was 
illustrated  in  a reaction  with  (V)  in  CHjClj  solvent.  No  reaction 
was  observed  at  -78  to  OX  when  the  salt  was  present  in  1 mole  % con- 
centration. In  accordance  with  that  proposed  earlier,  (XVI)  was  un- 
reactive towards  the  cyclopropenone  ketal  due  to  its  high  resonance- 
derived  stability.  Thus,  the  proposed  cationic  intermediate  generated 
by  the  rearrangement  of  cyclopropenone  ketals  (Equation  12a)  appeared 
to  have  little  inclination  to  add  monomer  and  was  essentially  inert 
under  the  reaction  conditions  described. 


A similar  dialkoxycarbonium  Ion  was  prepared  using  the  method  of 
Goosen  and  McCleland0  whereby  the  treatment  of  2-phenyl-4,4,5,5-tetra- 
methyl-l,3-d1oxolane  with  bromine  afforded  the  corresponding  2-phenyl- 
4,4,5,5-tetramethyl-l,3-dioxolenium  tribromide  (XIX)  (Equation  14). 

> % ^ Xf  iw 

(XIX) 

the  benzyl  dialkoxycarbonium  ion  (XIX)  was  expected  to  exhibit 
comparable  stability  to  the  allyl  analogue  (XVI)  and  should  have  be- 
haved similarly  in  the  presence  of  cyclopropenone  ketal  monomers.  As 
predicted,  treatment  of  cyclopropenone  ketal  (V)  with  the  stable  cat- 
ion (XIX)  at  -78  to  25°C  resulted  in  no  reaction. 

The  proposed  cyclopropenylium  intermediate  (XVIII)  was  likewise 
expected  to  exhibit  high  stability  due  to  the  aromaticity  of  the  271- 
electron  system.  Other  instances  of  cyclopropenylium  ion  formation 
via  an  alkoxide  abstraction  mechanism  were  reported  involving  hydro- 
gen bromide.14’15  In  addition,  stable  alkoxy  and  hydroxy  cyclopro- 
penylium ions  were  prepared  and  isolated  from  cyclopropenone  precur- 
sors.16 

In  an  effort  to  isolate  a cation  intermediate  directly  from  cy- 
clopropenone ketals,  monomer  (V)  was  treated  with  one  equivalent 
BFg-OEtg  in  diethyl  ether  at  -78°C.  A hygroscopic  solid  precipitated 
immediately  and  was  isolated  with  exclusion  of  moisture.  The  NMR 
spectrum  exhibited  by  the  cationated  species  was  not  similar  to  that 
of  the  vinyl  dialkoxycarbonium  ion  (XVI)  synthesized  earlier 


(Figure  1),  but  was  consistent  with  the  spectral  data  expected  for 
the  cyclopropenylium  ion  (XVIII)  (Figure  2).  The  MMR  spectral  data 
for  the  carbonium  ions  were  tabulated  along  with  data  for  other  simi- 
lar cationated  species  for  comparison  (Table  1). 

Breslow17  ascribed  a singlet  at  10.3  ppm  to  the  ring  proton  of 
dipropylcyclopropenyl ium  tetrafluoroborate  (XX)  in  trifluoroacetic 
acid  medium.  The  considerable  shift  downfield  was  attributed  to  the 
relatively  large  amount  of  positive  charge  on  the  carbon  atom  to 
which  the  proton  was  attached.  The  proposed  cyclopropenylium  ion 
produced  from  (V)  possessed  two  ring  protons  which  appeared  as  a 
singlet  at  9.61  ppm  in  CDotiOg • A similar  chemical  shift  of  9.30  ppm 
was  reported  for  ethoxycyclopropenyl ium  tetrafluoroborate  (XXI)  in 
CDClj.16  Variation  of  observed  chemical  shifts  for  the  above  men- 
tioned cyclopropenylium  ions  was  attributed  to  the  different  mediums 
employed  for  NMR  analysis7®  and  the  slightly  diminished  positive 
charge  on  the  alkoxycyclopropenyl ium  carbon  atoms  due  to  resonance 
with  the  adjacent  oxygen  atom.  In  the  NMR  spectra  of  typical  carbon- 
ium ions,  the  chemical  shift  of  a proton  was  found  to  be  directly 
proportional  to  the  charge  on  the  carbon  to  which  the  hydrogen  in 
question  was  attached.7®’®® 

When  a solution  of  the  proposed  cyclopropenylium  ion  in  CD^NOg 
was  treated  with  a small  amount  of  deuterium  oxide  (D^O),  a quantita- 
tive conversion  to  cycl opropenone  occurred.  The  singlet  at  9.61  ppm 
disappeared  and  was  replaced  with  a singlet  at  9.1  ppm  ascribed  to 
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Figure  1.  HMR  Spectrum  of  2-Vinyl-l,3-dioxenium  Tetrafluoro- 
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Figure  2.  HMR  Spectrum  of  Cyclopropenylium  Ion  (XVIII)  in  COjNOj. 
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u CH.  ,CH,  (d) 

a)  9.61  (s) 
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a Data  from  Ref.  25 
b Data  from  Ref.  17 
c Data  from  Ref.  16 
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the  cyclopropenone  protons. 21  Similar  conversions  to  cyclopropenones 
upon  hydrolysis  with  water  were  reported  for  several  other  cyclopro- 
penylium  ions. 16,21 

Thus,  cyclopropenone  ketal  (V)  underwent  an  alkoxide  abstraction 
in  the  presence  of  BF^-OEtj  under  the  prescribed  reaction  conditions. 
The  resulting  carbonium  ion  (XVIII)  (S  = BF^J  was  not  sufficiently 
reactive  to  sustain  propagation,  and  polymerization  was  essentially 
terminated.  Presumably,  other  cationic  initiators  such  as  Et.OBF. 
and  FSO3H  generated  a similar  cyclopropenyl ium  species  which  was 
inert  under  the  conditions  of  the  reaction. 

When  cyclopropenone  ketal  (V)  was  reacted  with  at  least  4 mole 
« ISFj'OEtj  at  temperatures  above  25°C,  a low  conversion  to  a cross- 
linked  polymer  resulted  (Table  2).  No  polymerization  was  observed  in 
the  presence  of  1 mole  % BF^’OEtg  or  at  temperatures  below  20°C.  The 
formation  of  polymer  could  be  rationalized  in  two  ways:  (1)  the 
stable  cyclopropenyl ium  intermediate  (XVIII)  was  reactive  under  the 
new  conditions  prescribed  for  polymerization,  or  (2)  addition  of  the 
initiating  species  at  the  double  bond  may  have  occurred  to  some  extent 
to  produce  a reactive  propagating  species.  The  latter  explanation 
was  more  consistent  with  the  spectral  properties  of  the  polymer  and 
several  observations  concerning  the  reactivities  of  the  proposed 
intermediates  involved  and  were  elaborated  on  in  the  paragraphs  to 

The  low  reactivity  of  the  cyclopropenyl ium  ion  { XV 1 1 1 ) was  illus- 
trated by  treating  (V)  with  5 mole  S (XVIII)  at  25,,C.  Following  a 


TABLE  2.  POLYMERIZATION3  DATA  FOR  MONOMER  (V)/BF3‘0Et2  SYSTEM 


Monomer  BF3-0Et2 

(nmoles)  (nmoles) 


Sol  vent 
(ml) 


0H  (10) 
0CH3  (10) 

ch2ci2  (10) 
Isohex  (10) 


°C  Conversion 


Carried  out  under  a IL  atmosphere;  initiator  was  injected  into  a 
solution  of  monomer  and  diluent. 


three-hour  reaction  period,  the  monomer  remained  unreacted  while  some 
decomposition  of  the  cation  occurred  to  produce  a brown-colored  reac- 
tion mixture.  Apparently,  (XVIII)  was  too  stable  to  initiate  the 
polymerization  of  (V)  under  the  reaction  conditions  established  for 
polymerization.  Likewise,  intermediate  (XVI)  did  not  initiate  the 
polymerization  of  (V)  under  similar  conditions. 

The  infrared  spectral  data  provided  evidence  for  the  involvement 
of  an  vinyl  dialkoxycarbonium  intermediate  (XVI)  in  the  polymeriza- 
tion of  (V).  The  spectrum  exhibited  an  ester  carbonyl  band  at  1730- 
1710  cm'1  and  a double  bond  stretch  at  1620-1600  cm'1.  Other  major 
peaks  were  a methyl  C-H  stretch  at  2960  cm-1,  a methylene  C-H  stretch 


1170,  1090,  and  1030  cm'1  were  present  and  were  ascribed  to  an  ester 
C-0-C  stretch  (Figure  3).  (Also,  an  ether  C-0-C  stretch  may  have 


The  presence  of  an  ester  carbonyl  unit  In  the  polymer  (C=0 
stretch  at  1720  cm"^)  could  only  be  rationalized  through  a mechanism 
involving  ring-opening  of  a cyclic  dialkoxycarbonium  intermediate. 
This  mechanism  was  well  documented  in  the  case  of  dioxolenium  ions 
which  exclusively  gave  ester  products  in  the  presence  of  a variety 
of  weak  nucleophiles  (Equation  15). 22  In  addition,  cyclic  cyclo- 
propanone  ketals  gave  esters  in  high  yield  in  the  presence  of  acid 
(Equation  16). 23  Ester  formation  was  attributed  to  a dialkoxycarbon- 
ium intermediate  generated  by  ring-opening  of  the  cyclopropane  moiety. 


Formation  of  an  a,8-unsaturated  ester  repeating  unit  in  the  poly- 
mer was  explained  by  a mechanism  involving  an  vinyl  dialkoxycarbonium 
intermediate  (XVI)  identical  to  that  proposed  in  Equation  12.  nucleo- 
philic ring-opening  in  an  analogous  fashion  to  that  described  ear- 
lier22,23 gave  the  proposed  ester  unit  (XXII)  (Equation  17).  Compound 
(XVII)  served  as  a good  model  compound  for  the  repeating  unit  (XXII), 
and  their  infrared  spectra  closely  resembled  one  another  (Figures  3 


oO< 


,v 


-^y 


(17) 


The  seme  ester  unit  (XXII)  could  not  be  derived  from  the  cyclo- 
propenylium  Intermediate  (XVIII)  isolated  earlier.  In  addition, 
unsaturation  present  in  the  polymer  (C-C  stretch  at  1610  cm'1)  could 
not  be  justified  by  a mechanism  involving  ring-opening  of  the  cyclo- 
propanone  ketal  repeating  unit  (XXIII)  (Equation  17). 

The  presence  of  some  cyclopropanone  ketal  units  (XXIII)  in  the 
polymer  was  not  ruled  out  by  spectral  data,  and  it  is  likely  these 
repeating  units  contributed  to  the  formation  of  crosslinks  in  the 
polymer.  Crosslinking  presumably  occurred  by  electrophilic  ring- 
opening of  the  enchained  cyclopropane  ring  to 


generate  a dialkoxy 
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carbonium  Ion  in  a similar  manner  to  that  depicted  in  Equation  17. 
The  resulting  pendant  cationated  species  could  then  react  with  mono- 
mer to  cause  branching  or  could  react  with  nucleophilic  sites  on  a 
polymer  chain  to  produce  crosslinks. 

Evidently,  formation  of  the  cyclopropenylium  ion  ( XV 1 1 1 ) did 
occur  to  some  extent  in  addition  to  and  separate  from  polymerization. 
In  fact,  polymerization  was  apparently  a minor  reaction  (0-7%)  rela- 
tive to  alkoxide  abstraction.  For  this  reason,  large  amounts  of 
initiator  (4-5  mole  %)  were  required  to  achieve  low  conversions  to 
polymer. 

According  to  the  data  available,  the  following  structure  for  the 
polymer  obtained  from  BFj-OEtj  and  (V)  was  proposed.  Repeating  unit 
(XXII)  was  present  in  much  larger  quantity  than  (XXIII). 


(XXII) 


crosslink 
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B.  Cationic  Initiation  of  Orthoacrylates 

The  attempted  polymerization  of  2-methoxy-2-viny1 -5,5-dimethyl - 
1,3-dioxane  (XII)  with  BF^’OEtg  under  a variety  of  conditions  resulted 
in  no  detectable  reaction.  As  in  the  case  of  cyclopropenone  ketals, 
the  concomitant  formation  of  a stable  carbonium  intermediate  was 
suspected. 

In  an  attempt  to  isolate  a stable  cationic  intermediate  from 
orthoacrylate  monomers,  (XII)  was  treated  with  one  equivalent  BFj-OEtj 
in  dry  diethyl  ether  at  -78”C.  A hygroscopic  solid  was  obtained  in 
25X  yield  which  exhibited  NMR  spectral  data  identical  to  that  of  2- 
vinyl-5,5-dimethyl-l,3-dioxenium  tetrafluoroborate  (XVI)  synthesized 
earlier.  Apparently  BFj-OEtj,  acting  as  an  alkoxide  acceptor,  ab- 
stracted methoxide  anion  to  produce  the  corresponding  dialkoxycarbon- 
ium  salt  (Equation  18).  A similar  synthetic  route  had  been  employed 
to  prepare  a variety  of  dialkoxycarbonium  salts  from  orthoesters. ^ 

• PC*  1 PO0’1"”1! 

(XII)  (XVI)  (18) 

The  tetrafluoroborate  counterion  arose  from  the  disproportiona- 
tion of  methoxytrifluoroborate  with  boron  trifluoride.  The  greater 
stability  of  the  tetrafluoroborate  anion  caused  a substantial  shift 
of  the  equilibrium  in  favor  of  BFl  (Equation  IS).24  No  methoxy  pro- 
tons were  observed  in  the  NMR  spectrum  of  (XVI). 


3 BF3  OCR,'  + BF3  3 BF4'  + B(0CH3)3  (19) 

The  NMR  spectra  of  the  vinyl  dialkoxycarbonium  ion  (XVI)  isolated 
from  (XII)  and  (XVII)  were  identical  and  were  also  in  good  agreement 
with  the  spectral  data  reported  for  2-vinyl -1,3-dioxoleninm  tetra- 
fluoroborate  (XXIV)  In  fluorosulfonic  acid  medium99  (Table  I).  In  all 
of  the  spectra,  the  vinyl  protons  and  the  ether  methylene  protons  were 
shifted  downfield  due  to  the  presence  of  the  positive  charge.19,90 
The  chemical  shifts  observed  for  (XVI)  in  CDjCN  differed  somewhat 
from  those  of  (XXIV)  because  of  the  different  solvents  employed  for 
NMR  analysis.*9 

When  (XII)  was  treated  with  5 mole  " (XVI),  no  detectable  reac- 
tion occurred  after  3 hours  at  25°C.  The  low  reactivity  of  the  car- 
bonium  ion  was  ascribed  to  the  resonance-derived  stabilization  of  the 
positive  charge  discussed  earlier  (p.  16).  Thus,  monomer  (XII)  did 
not  polymerize  in  the  presence  of  6F3-0Et?  due  to  the  occurrence  of  a 
facile  aHoxide  abstraction  to  produce  a cationic  species  (XVI)  which 
was  not  sufficiently  reactive  to  sustain  propagation. 

C.  Bromine  Initiated  Polymerization  of  Cvciopropenone  Ketals 

The  polymerization  of  6,6-dimethyl-4,8-dioxaspiro(2.5)oct-l-ene 
(V)  with  bromine  occurred  in  a variety  of  solvents  at  -78°C  to  25°C 
in  air  or  inert  atmosphere  (Table  3).  The  reaction  conditions  for 
optimum  conversion  to  polymer  required  the  following:  (I)  one  to  two 
equivalents  of  bromine,  (2)  reaction  temperatures  in  the  range  -5  to 
5®C,  and  (3)  a non-polar  to  moderately  polar  solvent.  No  polymer  was 
produced  when  polar  solvents  such  as  DMSO,  CH.,N02,  and  ethylene  glycol 
were  used  or  when  less  than  0.2  equivalents  of  bromine  were  added. 


TABLE  3.  POLYMERIZATION  OF  (V)  WITH  BROMINE 


Exp.  No. 

(V) 

(mmoles) 

(mmoles) 

Sol  vent 

Conversion 

(*) 

Comments 

GC148BR-1 

6.0 

10 

cci4 

10 

a 

149BR-1 

S.O 

5.1 

CC14 

7.3 

a 

150BR-1 

5.0 

0.10 

CC14 

0 

a 

1506R-2 

5.0 

1.0 

CC14 

0 

a 

153BR-1 

5.0 

5.1 

CH2C12 

15 

hydroquinone 

present 

156BR-1 

6.0 

5.1 

CH2C12 

10 

160BR-1 

5.0 

5.1 

Et2° 

22 

-78°C 

161BR-1 

5.0 

5.1 

CH3COCH3 

0 

5.0  nmoles  LiBr 

162BR-1 

5.0 

5.1 

CH2C12 

0 

5.0  nmoles 

pyridine 

present 

168BR-1 

5.0 

10.1 

CC14 

30 

a 

169BR-1 

5.0 

10.1 

33 

a 

172BR-lb 

24 

24 

CH2C12 

7.6 

10-6  torr 

209BR-1 

5.0 

5.1 

ch3no2 

0 

a 

216BR-5 

18 

16 

CC14 

7.0 

25°C,  N2  atmos 

221BR-1 

5.0 

5.5 

(liOCH^ 

0 

a 

239BR-1 

7.7 

5.0 

OH 

3.5 

a 

415BR-1 

20 

20 

CC14 

23 

a 

4I6BR-I 

6.0 

6.0 

OHSO 

0 

a 

a Polymerization  carried  out  at  0 i 5°C  in  air  by  dropwise  addition  of  Br2- 
b Rn  = 10,400  by  VPO 


Bromine  was  a unique  polymerization  initiator  for  (V)  since 
other  halogens  and  various  brominating  agents  produced  no  polymer 
under  similar  conditions  (Table  4).  The  inability  of  these  reagents 
to  polymerize  monomer  (V)  was  attributed  to  their  low  electrophilic- 
ity  relative  to  bromine.  As  a result,  these  reagents  were  not  capa- 
ble of  electrophilic  ring-opening  of  the  cyclopropane  moiety  in  the 
monomer. 

A mechanistic  study  of  the  bromination-polymerization  reaction 
was  undertaken,  and  a complex  sequence  of  steps  involving  several 
propagation  pathways  were  postulated.  Radical  Initiation  was  ini- 
tially considered,  but  was  ruled  out  on  the  basis  of  a lack  of  any 
inhibitory  effect  on  the  polymerization  by  hydroquinone  and  oxygen. 
Hydroquinone  and  oxygen  are  efficient  radical  scavengers  capable  of 
prohibiting  radical-initiated  polymerizations.26  On  the  other  hand, 
the  presence  of  organic  bases,  such  as  pyridine  and  DMSO,  did  pro- 
hibit polymerization;  and  thus,  cationic-initiated  polymerization 
was  suspected.  The  following  mechanism  (Equation  20)  was  consistent 
with  several  observations  pertaining  to  the  influence  of  reaction 
conditions  on  the  polymerization  and  with  the  structural  units  iden- 
tified from  spectral  data. 

The  first  step  involved  bromination  of  the  cyclopropene  double 
bond  which  released  the  enormous  strain  on  the  sp2  carbons  of  the 
cyclopropene  ring.  Subsequent  electrophilic  ring-opening  of  the 
cyclopropane  ring  did  not  occur  until  bromine  addition  had  occurred 
to  a large  extent.  Apparently  at  high  concentrations  of  unreacted 


TABLE  4.  REACTION3  OF  (V)  WITH  OTHER  HALOGEHATING  REAGENTS 
Exp.  f (V)  (mmoles)  Reagent  (rnnoles)  Solvent  Temp.  (SC) 


lo  polymer  product  was  obtained  In  the  reactions  listed. 


;:x> 

r v (XXV)  I ’ 

“T ” i“ 


i 


Br  Br 


(20) 


33 


monomer  the  cyclopropene  double  bond  acted  as  a scavenger  for  bromine. 
Thus,  no  significant  polymerization  occurred  in  the  presence  of  small 
quantities  of  bromine;  i.e.,  experiment  150BR-1  and  150BR-2  in  Table  3. 

Electrophilic  ring-opening  of  the  cyclopropane  ring  produced  the 
dialkoxycarbonium  intermediate  (XXV)  which  presumably  initiated  prop- 
agation by  three  simultaneous  pathways.  Other  similar  cationic  inter- 
mediates have  been  synthesized'8,21*’ 26,22  and  used  as  initiators  in  a 
variety  of  cationic  polymerizations.26*2®  Also,  the  formation  of  a 
dialkoxycarbonium  intermediate  during  the  polymerization  of  acrolein 
acetals  was  suggested.6*2 

Evidence  for  the  formation  of  the  dialkoxycarbonium  intermediate 
(XXV)  was  obtained  by  reacting  the  saturated  analogue  of  (V),  6,6- 
dimethyl-4,8-dioxaspiro(2.5)octane  (XXVI),  with  one  equivalent  of 
bromine  at  25°C.  The  major  product  was  B.S-dimethyl-v-bromopropyl- 
3-bromopropanoate  (XXVII)  accompanied  by  the  formation  of  some  oligo- 
meric products  (Equation  21).  Formation  of  the  ester  (XXVI 1 ) could 
only  be  rationalized  through  a dialkoxycarbonium  intermediate  since 
the  dioxane  moiety  showed  no  tendency  to  undergo  electrophilic  ring- 
opening in  the  presence  of  bromine;  i.e.,  the  reaction  of  2-propenyl- 
5,S-dimethyl-l,3-dioxane  (XXVIII)  with  excess  bromine  resulted  in 
bromine  addition  to  the  double  bond  exclusively  (Equation  22). 


(XXVI) 


(XXVII) 


(22) 


(XXVIII) 


(XXIX) 


A similar  dialkoxycarbonium  ion  created  by  electrophilic  ring- 
opening of  1,1-dimethoxycyclopropane  with  bromine  was  reported  by 


in  sulfur  dioxide  to  permit  detection  and  characterization  by  (MR. 
Upon  increasing  the  temperature  to  -30°C,  dealkylation  by  bromide  ion 
gave  methyl  3-bromopropanoate  (Equation  23). 


When  the  cyclopropenone  ketal  (V)  was  added  to  excess  bromine, 
a near  quantitative  yield  of  6, 6-dime thyl—,-bromopropyl -2,3,3-tri- 
bromopropanoate  (XXX)  was  produced  (Equation  24).  Formation  of  the 
ester  (XXX)  proceeded  by  a mechanism  similar  to  that  proposed  for  the 
formation  of  ester  (XXVII),  i.e.,  electrophilic  ring-opening  of  the 
cyclopropane  ring  followed  by  nucleophilic  ring-opening  of  the  diox- 
ane  moiety.  Nucleophilic  attack  by  bromide  ion  (pathway  a)  occurred 
exclusively  in  the  presence  of  excess  bromine.  However,  in  excess 
monomer,  propagation  (pathway  b)  apparently  occurred  to  a small  ex- 
tent (7-333)  in  addition  to  attack  by  bromide  ion. 


Dusseau 


The  intermediate  was  sufficiently  stable  at  -60°C 
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polymer 


Several  structural  units  were  Identified  in  the  polymer  obtained 
from  (V)  and  bromine  on  the  basis  of  spectral  data  comparisons  with 
model  compounds.  The  infrared  and  proton  NMR  data  for  appropriate 
model  compounds  were  compiled  in  Table  5 and  matched  with  major 
absorptions  observed  in  the  infrared  and  NMR  spectra  of  the  polymer 
(Figures  5 and  6). 

Assignment  of  the  complex  signals  in  the  NMR  spectrum  of  the 
polymer  was  based  mostly  on  the  spectral  data  reported  for  Z-( 1 ' ,2 ' - 
dibromopropyl)-5,5-dimethyl-l,3-dioxane  (XXIX),  (XXX),  2,2-bis(bromo- 
methyl)-5, 5-dimethyl -1,3-dioxane  (XXXI)  and  B, 8-dimethyl -y-bromo- 
propyl -2,3-dibromo-l-butanoate  (XXXII).  The  broad  singlet  at  1.07 
ppm  was  ascribed  to  the  gem-dimethyl  protons  of  the  ester  unit  and 
the  dioxane  unit  from  comparison  with  (XXXI)  and  (XXXII).  Two  weak 
signals  at  0.77  and  1.25  ppm  were  attributed  to  the  non-equivalent 
gem-dimethyl  protons  of  the  dioxane  unit  end  group  according  to  the 
spectrum  of  (XXIX).  A broad  signal  in  the  region  3.3  - 4.3  ppm  was 
attributable  to  several  protons:  the  methylene  protons  adjacent  to 
the  carboxy  group  (4. 0-4. 3 ppm),  methylene  protons  adjacent  to  an 
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ether  oxygen  atom  (3. 5-3.8  ppm),  methylene  protons  adjacent  to  bro- 
mine (3. 3-3. 5 ppm),  and  methine  protons  adjacent  to  bromine  (3.8- 
4.3  ppm).  A weak,  broad  signal  at  4. 6-4. 9 ppm  was  ascribed  to  the 
methine  proton  in  the  ester  unit  alpha  to  a bromine  atom  and  a car- 
bonyl group  by  comparison  with  (XXXII). 

The  dibromome thine  group  created  by  electrophilic  ring-opening 
of  the  cyclopropane  moiety  by  bromine  appeared  at  6.35  and  6.21  ppm 
in  the  NMR  spectrum  of  the  polymer  in  accordance  with  the  like  pro- 
tons of  model  compound  (XXX).  The  relatively  large  amount  of  these 
protons  in  the  spectrum  indicated  that  the  pendant  cyclopropane  moiety 
on  the  polymer  had  undergone  ring-opening  with  bromine  (Equation  25). 
No  protons  were  observed  at  3.1  ppm,  ascribable  to  the  protons  on  the 
pendant  cyclopropane  moiety. 


(25) 


The  Infrared  spectrum  of  the  polymer  was  very  similar  to  that 
exhibited  by  the  polymer  obtained  with  BFj-OEtj  Initiator  at  25°C. 
Common  absorptions  observed  in  the  spectra  of  both  polymers  were  a 
methyl  C-K  stretch  at  2970,  a methylene  C-H  stretch  at  2870  cm" * , a 
C-H  bend  at  1470  cm'1,  and  a broad  C-O-C  stretch  in  the  region  1260- 
960  cm"*.  An  ester  carbonyl  stretch  at  1720  cm"*  was  also  present  in 
the  bromine  polymers,  but  was  less  intense  than  that  observed  for  the 
BFj-OEtj  initiated  polymers.  No  double  bond  stretch  at  1610  cm"’  was 


The  synthesis  of  model  compounds  (XXIX)  and  (XXX)  were  depicted 
in  Equations  23  and  25,  respectively.  Compound  (XXXI)  was  prepared 
by  alpha-bromination  of  2,2,5,5-tetramethyl-l,3-dioxane  (XXXIII)  in 
the  presence  of  CaCOj  (Equation  26).  The  inorganic  base  served  as  a 
scavenger  for  hydrogen  bromide  by-product. 


Compound  (XXXII)  was  obtained  by  treating  (XXVIII)  with  bromine 
under  sufficiently  rigorous  conditions  to  achieve  nucleophilic  ring- 
opening of  the  dioxane  moiety  in  addition  to  bromination  of  the 
double  bond.  Thus,  when  (XXVIII)  was  refluxed  for  several  hours  in 
the  presence  of  excess  bromine  the  desired  ester  (XXXI I ) was  produced 
in  moderate  yield  (Equation  27). 


(XXXIII)  (XXXI) 


(XXVIII) 
xs  BrJ  m 


(27) 
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D.  Radical  Initiation 

All  attempts  to  homo polymerize  cyclopropenone  ketals  and  ortho- 
acrylates by  a radical  chain-growth  mechanism  were  unsuccessful. 
Radical  initiators  such  as  azobisisobutyronitrile  (AIBN),  and  benzoyl 
perioxide  (BPO)  in  the  temperature  range  25-80°C  were  investigated. 

In  addition,  photolysis  in  the  presence  of  a variety  o' 
was  studied  (Table  6). 

TABLE  6 


XII,  7.0  BPO,  2.0 


benzene,  4.0  60 


sensitizer 


As  in  the  case  of  cationic  initiation,  the  formation  of  a stable 
intermediate  was  suggested  to  account  for  the  non-polymerizability  of 
cyclopropenone  ketals  by  a radical  mechanism.  The  intermediate  may 
have  been  a cydopropenyl  radical,  analogous  to  the  cyclopropenyl ium 
ion  ( XXV III)  isolated  earlier,  or  an  allyl  radical  arising  from  a 
ring-opening  rearrangement  of  the  radical  addition  adduct  (Equation 
28). 


— * 


A similar  phenomenon  was  observed  for  allyl  monomers  where  ab- 
straction of  an  allyl  hydrogen  atom  produced  a radical  intermediate 
which  was  too  stable  to  reinitiate  the  polymerization  reaction.^1 
Such  behavior  was  termed  "degradative  chain  transfer"  and  typically 
resulted  in  the  formation  of  low  molecular  weight  polymers  with  low 


Abstraction  reactions  were  generally  quite  facile  because  of  the 
stabilization  imparted  to  the  radical  through  resonance  interaction 
with  the  adjacent  double  bond.  Thus,  a competition  existed  in  the 
polymerization  of  allyl  monomers  between  addition  and  abstraction 
reactions  (Equations  29  and  30). 


(30) 


The  alkyl  radical  formed  in  the  addition  reaction  was  very  reac- 
tive because  adjacent  groups  were  not  capable  of  imparting  stabiliza- 
tion through  resonance.  In  contrast,  the  allyl  radical  was  generally 
too  unreactive  to  interact  with  monomer  and  underwent  only  combina- 
tion reactions  with  other  radicals.  The  extent  to  which  Equation  29 
occurred  determined  the  degree  of  polymerization  if,  indeed,  polymeri- 
zation occurred  at  all.33 

Steric  inhibition  of  propagation  may  also  have  played  a signifi- 
cant role  in  preventing  the  homopolymerization  of  cyclopropenone 
ketals.  Generally,  1,2-disubstituted  olefins  did  not  homopolymerize 
under  established  conditions  for  radical-initiated  polymerization. 
Alfrey  et  al.34  reasoned  that  an  unfavorable  interaction  occurred 
between  the  olefinlc  substituents  upon  approach  of  monomer  molecule 
to  radical  which  imposed  a strain  on  the  bonds  being  formed  in  the 
transition  state  (Equation  31).  As  a result,  the  activation  energy 
for  monomer  addition  was  increased  with  a commensurate  decrease  in 
propagation  rate  sufficient  to  favor  the  occurrence  of  chain  transfer 
or  termination. 


The  polymerization  of  cycloolefins  was  also  sterically  prohibited 
for  reasons  similar  to  those  discussed  for  1,2-di substituted  olefins. 
Thus,  cyclobutene  and  cydopentene  did  not  homopolymerize  by  a radi- 
cal mechanism. 38  In  addition,  homopolymers  were  not  obtained  from 
1-methyl cyclopropene3®  or  3 ,3-dimethyl cycl opropene . 37 

An  attempt  to  trap  a radical  intermediate  generated  from  cyclo- 
propenone  ketal  (V)  with  2,2,6, 6- tetramethyl piperidine- l-o*yl 38  as 
radical  trapping  agent  was  unsuccessful.  Apparently,  considerable 
decomposition  of  monomer  transpired  during  the  course  of  the  reaction 
to  produce  a reaction  mixture  not  amenable  to  further  study. 

As  an  alternative,  copolymerization  may  be  viewed  as  a method 
for  trapping  radicals,  whereby  the  radical  in  question  is  trapped  by 
a comonomer  molecule.  Thus,  a copolymerization  study  was  undertaken 
in  order  to  determine  the  relative  reactivity  of  the  radical  involved 
and  elucidate  its  structure. 

Orthoacrylates  also  did  not  homopolymerize  in  the  presence  of 
AIBN  or  BPO  at  60°C  (Table  6).  The  low  reactivity  of  these  monomers 
was  attributed  to  steric  Inhibition  of  propagation  by  the  bulky  ortho 
ester  substituent  and  alkoxide  radical  abstraction  to  produce  an  allyl 
radical  intermediate.  The  relative  influence  of  these  effects  on  the 
polymerizability  of  orthoacrylates  was  discussed  in  Chapter  IV.  B. 


CHAPTER 


COPOLTMERIZATION  STUDIES 

Often  monomers,  which  fail  to  homopolymer ize  because  of  steric 
factors,  will  undergo  copolymerization  with  a suitable  comonomer. 

Such  was  the  case  for  cycl opropenone  ketals  and  orthoacrylates  which 
copolymerized  with  acrylonitrile  {AN),  N-vinylpyrrolidone  (KVP),  sty- 
rene (St)  and  2-vlnylpyridine  (2VP). 

Copolymerization  via  a radical  pathway  was  similar  to  a radical- 
initiated  homopolymerization  in  that  both  involved  discrete  initia- 
tion, propagation  and  termination  steps.  However,  in  a copolymeriza- 
tion there  were  four  distinct  propagation  reactions  with  each  possess- 
ing a characteristic  rate  constant  (Equations  32-35).  From  these 
propagation  reactions  was  derived  the  copolymerization  equation 
(Equation  36)  almost  simultaneously  by  Mayo  and  Lewis39  and  Alfrey 
and  Goldfinger1*9  in  1944. 


(32) 

(33) 

(34) 

(35) 


dCM,]  = [Mj]  fjEH,]  * [K,] 

<©y  [M2]  [M|]  + r2[N2] 


where  rj  = kll/kj2  and  r?  = k22/k21 


Values  for  r ^ and  r^  were  determined  experimentally  using  several 
methods39’41'1*3  and  were  termed  reactivity  ratios.  Each  reactivity 
ratio  was  a measure  of  the  relative  reactivity  of  one  monomer  radical 
with  its  own  monomer  divided  by  that  with  the  other  monomer  present. 
Thus,  a reactivity  ratio  less  than  unity  reflected  a tendency  for  that 
monomer  radical  to  cross-propagate,  while  an  r-value  of  greater  than 
unity  indicated  a preference  for  reaction  with  like  monomer. 

A.  Cvclopropenone  Ketals 

The  reactivity  ratios  for  the  copolymerization  of  cyclopropenone 
ketals  with  the  comonomers  mentioned  earlier  were  determined  by  reac- 
ting several  samples  composed  of  varying  monomer  feed  ratios  in  bulk 
with  0.5  mole  S benzoyl  peroxide  as  radical  initiator  (Table  7).  The 
copolymer  mixture  was  degassed,  sealed  in  vacuo  ( 10“”  torr),  and 
heated  at  60  ± O.l'C  for  a sufficient  time  period  to  achieve  a 10% 
conversion  or  less  to  copolymer.  The  copolymer  composition  was  deter- 
mined by  elemental  analysis,  and  the  data  were  evaluated  using  the 
methods  of  Joshi  and  Joshi42  and  Kelen  and  Tudos.43  The  results  are 
shown  in  Table  8,  where  rj  refers  to  the  reactivity  ratio  of  the 
cyclopropenone  ketal  (Hj). 

The  reactivity  ratios  for  cyclopropenone  ketals  were  all  less 
than  unity  (except  for  that  obtained  with  AM),  indicating  the  monomer 
radical  possessed  a strong  tendency  to  react  with  the  other  monomer 
present  in  the  copolymerization  mixture.  On  the  other  hand,  the  reac- 
tivity ratios  for  the  corresponding  comonomers  were  greater  than  one, 
indicative  of  a propensity  to  react  with  its  own  monomer 
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Assignment  of  the  structure  of  the  polymer  rested  mainly  on 
infrared  analysis.  All  of  the  copolymers  exhibited  a relatively 
strong  absorbance  at  1735-1730  cm-*  attributed  to  an  ester  carbonyl 
stretch.  In  addition,  four  broad  bands  at  1270.  1155.  1070  and  1030 
cm-1  were  generally  observed  due  to  a C-0-C  stretch  of  the  ester  unit 
and  perhaps  a ketal  unit.  Other  less  prominent  absorbances  were  a 
methyl  C-H  stretch  at  2960  cm-*,  a methylene  C-H  stretch  at  2870  cm-*, 
and  a C-H  bend  at  1470  cm-1.  A distinct  band  at  1630  cm-*,  corre- 
sponding to  a C-C  double  bond  stretch,  was  not  clearly  visible. 

The  proton  HMR  spectra  typically  showed  a broad  absorption  at 
1.1  ppm  ascribed  to  the  gem-dimethyl  substituent.  Very  broad  peaks 
in  the  regions  3.3  to  3.6  ppm  and  3. 8-4.0  ppm  were  attributed  to 
methylene  protons  alpha  to  ester  or  ether  substituents.  No  absorp- 
tion was  observed  in  the  region  5. 0-6.0  ppm  assigned  to  olefinic  pro- 
tons. A weak  absorption  in  the  region  0.2  to  0.5  ppm  was  detected  in 
copolymer  samples  containing  a high  content  of  cyclopropenone  ketal 
units.  On  the  basis  of  a chemical  shift  of  0.2  to  0.3  ppm  reported 
for  the  protons  of  polycyclopropene,45  the  absorption  was  ascribed 
to  the  protons  of  enchained  cyclopropane  rings. 

Copolymerizations  involving  1-methylcyclopropene,*6  tetrachloro- 
cyclopropene,,6  and  te traf 1 uorocycl opropene47  were  investigated,  and 
copolymers  containing  enchained  cyclopropane  rings  were  obtained  in 
all  cases,  ho  olefinic  absorbances  were  observed  in  the  NMR  or  !R 
spectra  of  the  copolymers  prepared,  indicating  that  no  isomerization 
of  the  cyclopropanyl  radical  to  the  stable  allyl  radical  had  occurred. 


50 


A termination  step  involving  an  allylic  species  was  suggested 
for  copolymerizations  with  tetrachlorocyclopropene/8  Apparently 
some  isomerization  did  occur  to  form  an  allyl  radical  which  was  too 
stable  to  reinitiate  polymerization  and  only  underwent  combination 
reactions  with  other  propagating  radicals.  The  presence  of  a double 
bond  in  the  copolymer  was  detected  by  ultraviolet  measurements. 

According  to  spectral  data,  cyclopropenone  ketals  copolymerized 
by  radical  addition  at  the  double  bond  to  produce  enchained  cyclo- 
propanone  ketal  repeating  units  (XXXIII)  (Equation  37).  In  addition 
to  IIMR  spectral  evidence,  the  presence  of  cyclopropane  rings  in  the 
copolymer  was  indicated  by  a weak  band  at  3020-3000  cm"1  in  the  in- 
frared spectra.36  (This  band  was  masked  by  St  and  2VP  units  in  the 
copolymer. ) 


Initially,  a mechanism  involving  isomerization  to  the  allyl  radi- 
cal was  proposed  to  account  for  the  presence  of  an  ester  carbonyl 


mechanism  was  proposed  for  the  BF^-OEtg  initiated  polymerization  to 
account  for  the  acrylate  repeating  unit  (XXII).  However,  no  spectral 
evidence  for  the  presence  of  a double  bond  was  observed  for  the  radi- 
cal-initiated copolymers. 


band  at  1730  cm"1  in  the  infrared  spectra  (Equation  38).  A similar 
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The  only  other  conceivable  explanation  for  the  presence  of  ester 
groups  in  the  copolymer  involved  an  electrophilic-  or  radical-induced 
ring-opening  of  the  cyclopropanone  ketal  repeating  unit  (XXXIII) 
(Equation  39).  Numerous  examples  have  been  reported49  where  ring- 
cleavage  of  cyclopropanone  ketals  occurred  to  produce  propanoates  in 
the  presence  of  a variety  of  protonic  acids  and  neutral  electrophiles. 
Also,  oxidative  cleavage  of  the  cyclopropane  ring  occurred  in  the 
presence  of  hydroperoxides.49  In  a similar  fashion,  adventitious 
impurities  encountered  during  polymerization  or  work-up  presumably 
catalyzed  ring-opening  of  the  cyclopropanone  ketal  unit  in  the  copoly- 
mer to  produce  the  corresponding  propanoate  unit  (XXXIV). 


The  absence  of  any  isomerization  of  cyclopropanyl  radicals  to  allyl 
radicals  in  the  copolymerization  of  cyclopropenone  ketals  was  illus- 
trated by  copolymerizing  (I)  with  St.  Because  (I)  possessed  an 
acyclic  ketal  moiety,  isomerization  to  the  allyl  radical  and  subse- 
quent dialkylation  to  produce  the  acrylate  unit  would  have  resulted 


in  termination  of  the  propagating  chain  (Equation  40).  Thus,  only 
cooligomerization  would  have  been  expected  to  occur  with  high  monomer 
feed  ratios  of  (I).  In  actuality,  copolymers  were  obtained  with  a 
high  content  of  cyclopropenone  ketal  units  from  monomer  feeds  with  a 
high  content  of  (I).  As  in  the  case  of  the  cyclic  cyclopropenone 
ketal s (III)  and  (V),  the  presence  of  an  ester  group  in  the  copoly- 
mers was  apparent,  and  molecular  weights  (i?n)  were  in  the  range  of 
5000-7000. 


The  presence  of  propanoate  units  (XXXIV)  in  the  copolymers  of 
cyclopropenone  ketals  was  illustrated  by  saponifying  the  ester  moiety 
with  base.  Saponification  was  achieved  by  refluxing  the  copolymer  in 
0.5  H KOH  in  n-butanol . An  80-90%  recovery  of  copolymer  comprised  of 
propanoic  acid  units  was  obtained.  Infrared  analysis  revealed  the 
disappearance  of  an  ester  carbonyl  stretch  at  1730  cm'1,  while  a COOH 
stretch  at  3300-2500  cm'1  and  a carboxylic  acid  carbonyl  stretch  at 
1710  cm  1 were  observed.  Since  saponification  did  not  result  in 
chain  cleavage  of  the  copolymer,  the  ester  functional  groups  were 
determined  to  be  attached  to  the  polymer  backbone  in  accordance  with 
the  structural  unit  (XXXIV)  proposed  earlier. 

The  reactivities  of  a variety  of  monomers  were  correlated  by 
that  the  rate  of  propagation  (k22)  of  St  was  constant  in  all 


,0CH 


R monomer  : 

■'0CH3 


0CH, 


assuming 


copolymerizations  performed  under  similar  conditions.  Thus,  t 
reciprocal  of  the  reactivity  ratio  for  St  (— ) was  a measure  c 
relative  reactivities  of  monomers  toward  St  radicals.60 


In  the  case  of  cyclopropenone  ketals,  monomer  (III)  (—  s 0.562) 
possessed  a similar  reactivity  to  monomer  (V)  = 0.543)  towards 

St  radicals.  The  similarity  in  reactivities  indicated  no  steric 
effect  was  imparted  by  the  gem-dimethyl  substituent  on  the  dioxane 
ring.  This  outcome  was  expected  because  of  the  remote  distance  of 
the  substituent  from  the  reaction  center  and  further  supported  the 
proposed  mechanism  involving  propagation  of  a cyclopropanyl  radical 
(Equation  37).  In  the  case  of  the  mechanism  involving  ring-opening 
of  an  allyl  radical  (Equation  38),  a steric  influence  imparted  by  the 
gem-dimethyl  substituents  would  have  been  apparent. 

Cyclopropenone  ketal  (1)  possessed  a substantially  smaller  ketal 
substituent  compared  to  those  of  monomers  (III)  and  (V).  As  a result, 
the  relative  reactivity  of  (I)  with  St  radicals  ( = 0.714)  was 
r2 

greater  than  those  determined  for  (III)  and  (V).  The  Increased  reac- 
tivity of  (I)  reflected  a steric  effect  imparted  by  the  substituents 
at  the  C-3  atom  of  the  cyclopropene  monomer.  Apparently,  the  bulky 
dioxane  substituents  in  (III)  and  (V)  adversely  effected  the  approach 
of  monomer  to  the  reaction  center  and  ultimately  imposed  a greater 
strain  on  the  bonds  being  formed  in  the  transition  state.311 

The  rate  constant  for  the  reaction  of  St  radical  with  the  cyclo- 
propenone ketal  monomer  (kjj)  was  calculated  from  the  corresponding 
7^  value  and  the  propagation  rate  constant  for  the  homopolymerization 


of  St  (k22).51  The  values  are  listed  in  Table  9 along  with  the 
corresponding  rate  constants  of  other  monomers  for  comparison. 
TABLE  9.  LIST  OF  k21  VALUES  FOR  VARIOUS  MONOMERS 


Monomer  Comonomer 

acrylonitrile  Styrene 
methyl  methacrylate  Styrene 
butadiene  Styrene 
(I)  Styrene 
(III)  Styrene 
(V)  Styrene 
vinyl  chloride  Styrene 
vinyl  acetate  Styrene 


3 ^22  " 1^**  for  styrene  in  bulk  at  60°C. 
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276 

246 
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When  the  data  for  the  copolymerization  of  cyclopropenone  ketal 
(V)  with  NVP  (XXXV)  were  evaluated  using  the  method  of  Fineman  and 
ROSS.41  a nonlinear  relationship  was  obtained.  In  Figure  7,  the 
Fineman-Ross  plot  exhibited  two  lines  with  nearly  opposite  slopes. 
The  intersection  of  the  lines  at  (-0.768,  1.73)  corresponded  to  an 
initial  monomer  feed  ratio  of  0.499.  Thus,  when  the  copolymeriza- 
tion was  carried  out  in  excess  (XXXV)  incorporation  of  each  monomer 
proceeded  in  accordance  with  the  criteria  set  for  the  copolymeriza- 
tion equation.  However,  in  the  presence  of  excess  cyclopropenone 
ketal,  a negative  slope  was  obtained  (which  was  not  physically 


ss 


meaningful),  and  one  or  more  of  the  assumptions  of  the  copolymeriza- 
tion  equation  had  been  violated.  Since  (XXXV)  was  an  extremely  strong 
donor  olefin  and  (V)  was  a weak  acceptor  monomer,  the  participation 
of  charge-transfer  complexation  was  suspected.  In  addition,  forma- 
tion of  a violet  color  upon  mixing  the  two  monomers  provided  further 
evidence  for  the  existence  of  a charge-transfer  complex.53  Thus,  an 
investigation  of  this  comonomer  pair  was  carried  out  with  the  objec- 
tives of  detection  and  measurement  of  Ke|]  of  the  complex  using  proton 
NMR  and  ultraviolet  analytical  techniques  (refer  to  Chapter  VI). 

A copolymer  composition  plot  was  constructed  from  the  data  col- 
lected from  the  copolymerization  study  of  (V)  and  (XXXV)  by  plotting 
the  mole  fraction  of  (XXXV)  in  the  copolymer  as  a function  of  its 
mole  fraction  in  the  monomer  feed  (Figure  8).  The  resulting  curve 
was  similar  to  those  observed  for  copolymerization  systems  where  the 
reactivity  ratios  of  both  monomers  were  less  than  unity.  In  such 
systems,  there  was  a definite  tendency  for  each  monomer  to  cross- 
propagate  and  form  an  alternating  copolymer.53  In  addition,  an 
azeotropic  copolymerization  composition  existed  at  a mole  fraction 
of  0.30S  (located  at  intersection  of  the  curve  and  diagonal  line) 
where  the  copolymer  composition  remained  constant  throughout  the 
copolymerization. 

When  the  mole  fraction  of  donor  monomer  (XXXV)  in  the  feed  was 
below  0.5,  the  fraction  of  (XXXV)  units  in  the  copolymer  was  0.27  to 
0.36.  Thus,  in  the  presence  of  excess  acceptor  the  copolymer  composi- 


essentially  a 2: j 


57 


8.  Copolymer  Composition  Plot  for  the  Copolymerization  of 
6,6-Diinethyl-d,8-dioxaspiro(2.5)oct-l-ene  (V)  and  N-VInyl- 
pyrrolidone  (XXXV). 


composition  ratio  was  rationalized  in  two  ways:  (1)  homopolymeriza- 
tion  of  a charge-transfer  complex  comprised  of  two  acceptor  molecules 
and  one  donor  molecule,  and  (2)  copolymerization  of  the  1:1  composi- 
tion charge-transfer  complex  with  the  non-associated  acceptor  monomer 
(Equation  41).  The  latter  explanation  seemed  more  reasonable  since 
copolymers  formed  in  excess  donor  monomer  approached  a 50:50  composi- 
tion ratio,  presumably  due  to  the  homopolymerization  of  the  1:1  com- 
plex. Evidently  donor  monomer  did  not  copolymerize  with  the  charge- 
transfer  complex,  and  little  or  no  unassociated  acceptor  monomer  was 
present  to  react  with  the  complex.  In  the  case  of  a 2:1  composition 
charge-transfer  complex,  a 2:1  composition  of  donor  to  acceptor  in 
the  copolymer  would  be  expected  irrespective  of  the  initial  monomer 


2:1  copolymer 


In  order  to  demonstrate  the  occurrence  of  the  copolymerization 
between  charge-transfer  complex  and  acceptor  olefin,  the  copolymeri- 
zation equation  (36)  was  modified  to  account  for  complexation.  The 
1:1  composition  charge-transfer  complex  was  treated  as  an  individual 
monomer  and  was  denoted  M . By  assuming  100%  complexation,  no  non- 
associated  donor  olefin  was  present  when  the  feed  contained  excess 


acceptor.  Thus,  monomer  feeds  consisting  of  mole  fractions  of  (V) 
greater  than  0.5  were  comprised  of  M and  non-assoclated  acceptor 
monomer  which  was  designated  M . By  substituting  M and  M into  the 
propagation  reactions  (32-35),  four  new  propagation  reactions  (Equa- 
tions 42-45)  were  obtained.  From  these  reactions  was  derived  the 
modified  copolymerization  equation  (46)  which  defined  the  copolymeri- 
zation between  Ha  and  Hc- 


(42) 

(43) 

(44) 

(45) 


d[Ha]  [Mfl]  ra[MaHHc] 

d[Hc]  [Mc]  Ha  * rc[Mc] 


kcc/kca 


(46) 


The  mole  fractions  of  complex  and  acceptor  present  in  the 
feed  and  the  copolymer  were  determined  from  the  data  listed  in 


7 using  Equations  47  and 


[Ma] 

d[Ma) 


[H,] 

d[M1]-d[M2] 

d[Kj] 


Values  for  the  mole  fractions  are  listed  in  Table  10  along  with 
appropriate  data  for  the  calculation  of  reactivity  ratios  by  the 


TABLE  10.  DATA  FOR  THE  DETERMINATION  OF 
REACTIVITY  RATIOS  FOR  Ma  and  Mc 


Exp. 


[«»]  dtHa] 


[Mg]  d[Ma]  F f2 

* * [MCJ  ^ * d[McJ  ^ " f f 


-0.0445 

0.175 


0.0435 

0.0663 

1.31 


0.222  1.37 

0.387  2.05 


Fineman-Ross  method 
f),  a linear  relationship 
least  squares  evaluation  c 
responding 


By  plotting  (F  - F/f)  as  a function  of  (Fv 
d defined  by  Equation  49.  A 
gave  a slope  and  intercept  cor- 
0.207  and  r 3 0.0069  with  a correlation  coeffi- 


F - F/f  = ra  (F2/f)  - rc  (49) 

The  reactivity  ratios  of  both  the  complex  and  the  non-associated 
acceptor  were  less  than  unity,  indicating  a strong  tendency  for  each 
radical  to  cross-propagate.  As  a result,  complex  and  acceptor  olefin 
were  predominantly  incorporated  into  the  copolymer  in  a 1:1  alternat- 
ing fashion  which  ultimately  gave  rise  to  a 
acceptor  (V)  and  donor  (XXXV)  units  in  a 2:1 


copolymer  composed  of 


B.  Orthoacrylates 


In  the  copolymerization  of  2-methoxy-2-vinyl -5,5-dimethyl -1,3- 
dioxane  (XII)  with  several  comonomers,  essentially  homopolymers  of 
the  comonomer  were  produced  (Table  11).  The  corresponding  reactivity 
ratios  for  the  orthoacrylate  were  zero,  indicating  the  radical  exhib- 
ited virtually  no  tendency  to  react  with  its  own  monomer  (Table  12). 
Other  monomers  which  behaved  similarly  were  1,1-  and  1,2-disubstituted 
ethyl enes. 

The  low  reactivity  of  monomer  (XII)  was  not  surprising  since 
the  orthoester  functional  group  was  unable  to  enhance  the  reactivity 
of  the  double  bond  through  resonance  or  electronic  effects.  Further- 
more, the  orthoester  moiety  was  bulky  and  may  have  caused  steric 
inhibition  of  propagation  and  a decreased  enthalpy  of  polymerization. 
The  enthalpy  of  polymerization  for  ethylene  was  -22.7  kcal/mole.  The 
corresponding  enthalpy  for  the  orthoacrylate  was  expected  to  be  much 
smaller  due  to  steric  strain  differences  in  the  monomer  and  polymer 
arising  from  bond  angle  deformation  and  bond  stretching.54 

Decreased  OH  values  were  typical  of  1,1-disubstituted  ethylenes 
where  1,3-interactions  between  pendant  groups  caused  a strained  poly- 
meric structure*4  (Figure  9a).  Although  the  orthoacrylate  was  not 
disubstituted,  the  mono-substituent  was  sufficiently  large  to  ad- 
versely interact  with  a hydrogen  atom  (Figure  9b). 

The  entropy  of  polymerization  was  relatively  insensitive  to  mono- 
mer structure  and  varied  within  a narrow  range  of  25  to  30  cal/°k 
mole.  Thus,  at  60°C  the  TAS  value  was  a maximum  of  9.9  kcal/mole. 
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Some  difficulty  was  encountered  in  characterizing  the  ortho- 
acrylate  repeating  unit  by  infrared  and  NMR  analysis  because  of  the 
low  content  of  that  monomer  unit  in  the  copolymer.  In  general,  the 
copolymers  exhibited  a relatively  strong  ester  carbonyl  band  at 
1720  cm”1  in  the  infrared  spectra.  Other  less  prominent  absorbances 
included  a methyl  C-H  stretch  at  2950  cm”1,  a methylene  C-H  stretch 
at  2870  cm”1,  and  a group  of  four  bands  at  1270,  1177,  1062  and  1026 
cm”1  attributed  to  an  ester  C-O-C  stretch. 

The  infrared  spectral  data  for  the  copolymers  of  (XII)  resembled 
closely  the  data  previously  reported  for  the  copolymers  of  cyclopro- 
penone  ketal  (V).  The  presence  of  an  ester  unit  suggested  that  the 
pendant  orthoester  moiety  had  undergone  hydrolysis  during  or  subse- 
quent to  polymerization.  The  high  hydrolytic  reactivity  of  trialkyl 
orthoesters  has  been  well  established  in  the  literature  by  kinetic 
studies. s^*5®  Typically  orthoesters  readily  hydrolyzed  in  the  pres- 
ence of  small  amounts  of  water  by  a general  acid  catalysis  mechanism 
involving  the  formation  of  a dialkoxycarbonium  ion  intermediate.^1 
Thus,  the  structure  of  the  hydrolyzed  orthoacrylate  unit  was  a pro- 
panoate  repeating  unit  Identical  to  (XXXIV)  proposed  earlier  (Equa- 


As  in  the  case  of  the  ester  unit  (XXXIV),  saponification  of  the 
propanoate  unit  (XXXVII)  with  base  gave  the  corresponding  carboxylic 
acid  identified  by  Infrared  analysis. 


Alfrey  and  Price58,59  attempted  to  quantitatively  correlate  the 
radical -monomer  reaction  in  terms  of  monomer  structure  using  the  Q-e 
scheme.  Monomer  reactivity  was  separated  into  the  parameter  Q which 
defined  the  resonance  effects  in  the  monomer,  and  the  parameter  e 
which  described  the  polarity  of  both  the  monomer  and  its  radical. 

The  Q-e  scheme  was  based  on  the  theoretically  unsatisfactory 
premise  that  ground  state  electrostatic  interactions  between  perma- 
nent charges  in  the  monomer  and  radical  were  responsible  for  alterna- 
ting copolymerisation.  Other  inherent  deficiencies  in  the  Q-e  scheme 
were  that  (1)  steric  factors  which  may  influence  monomer  reactivity 
were  not  taken  into  account,  and  (2)  the  e value  for  a monomer  and 
its  radical  were  not  necessarily  the  same.  Thus,  the  parameters  Q 
and  e of  a monomer  may  vary  considerably  depending  on  the  conditions 
and  the  monomer  with  which  it  is  copolymerized. 

Despite  the  shortcomings  of  the  Q-e  scheme,  it  provided  a quali- 
tative correlation  between  monomer  reactivity  and  structure.  For 
instance,  high  Q values  were  indicative  of  conjugated  olefins  such  as 
styrene  and  butadiene  where  resonance  stabilization  of  the  resulting 
radical  rendered  the  species  relatively  unreactive.  Positive  e values 
signified  the  olefin  was  electron-deficient,  while  negative  e values 
denoted  an  electron-rich  olefin.  Monomers  with  a reasonably  large 
positive  e value  tended  to  copolymerize  with  monomers  with  relatively 
large  negative  e values  in  an 


alternating  fashion. 


The  Q 


Vrft* 

A ■ 2ele2  + <e2?  + ^nrir2>  ■ 0 


ding  Ql 
T (XXIII) 


neider.60  By  plotting  (In  r2/Q2  + tf)  as  a 
n (r2/Q2  a e/)  = -In  Qj  ( 


TABLE  13.  Q AND  e PARAMETERS  FOR 
CYCLOPROPENONE  KETALS  AND  ORTHOACRYLATES 


(V)  0.27  0.071 

(V)  0.38  0.96 

(V)  0.4  0.3 

(III)  0.27  0.10 

(I)  0.31  0.24 

(XXXV)  0.40  0.54 

(XII)  0.19b  0.71b 


St 


2VP 

St 


1.00 


1.41 

0.48 

1.00 

1.00 


-0.42 

1.23 


a Values  obtained  from  Reference  44. 

D Determined  by  least  squares  analysis. 


comonomer  used.  The  variation  may  be  attributed  to  the  inherent  de- 
ficiencies of  the  Q-e  scheme  mentioned  earlier,  the  lack  of  suffi- 
ciently precise  experimental  data,  or  a combination  of  both. 

The  Q and  e values  for  the  two  orthoacrylate  monomers  differed 
because  the  Q-e  scheme  did  not  take  into  account  steric  effects.  It 
was  reasonable  to  assume  that  the  resonance  and  polar  properties  of 
the  two  monomers  were  sufficiently  similar  to  expect  nearly  equiva- 
lent Q and  e values.  Thus,  the  variation  must  have  been  the  result 
of  the  size  differences  of  the  orthoester  moiety. 

The  positive  values  for  the  parameter  e of  cyclopropenone  ketals 
denoted  an  electron  deficient  double  bond  which  was  consistent  with 


the  proposal  of  Butler  and  Albert.  Although  the  monomer  Is  not  as 
strong  an  acceptor  as  maleic  anhydride  (e  * 3.69)  or  fumaronitrile 
(e  = 2.73),  it  may  form  donor-acceptor  complexes  with  sufficiently 
strong  donor  olefins,  i.e.,  N-vinylpyrrolidone  (XXXV). 


CHAPTER  VI 


CHARGE-TRANSFER  COMPLEX  STUDIES 

The  ease  of  nucleophilic  addition  to  the  double  bond  of  cyclo- 
propenone  ketals  was  well  documented, and  was  indicative  of  an 
electron-deficient  olefin.  Charge-transfer  studies  on  3, 3-dime thoxy- 
cydopropene  (1)  with  two  electron-rich  monomers,  styrene  and  ethyl 
vinyl  ether,  revealed  the  existence  of  a weak  complex  presumably  due 
to  electron  donor-acceptor  interaction. 

Copolymerization  studies  of  cydopropenone  ketals  with  various 
electron-donor  olefins,  i.e.,  styrene,  2-vinylpyridine  and  N-vinyl- 
pyrrolidone  (XXXV),  were  undertaken  in  anticipation  of  observing  the 
participation  of  charge-transfer  complexes.  In  most  cases,  no  alter- 
nating copolymerization  was  observed,  but  rather  random  copolymers 
with  high  compositions  of  donor  monomer  were  obtained.  Apparently, 
electron  donor-acceptor  interaction  was  nonexistent  or  too  weak  to 
effectively  influence  the  copolymerization  mechanism.  However,  the 
(XXXV)  system  did  exhibit  unusual  behavior,  and  participation  of  a 
charge-transfer  complex  was  suspected.  The  complex  was  faint  violet 
in  color  and  was  likely  to  be  a relatively  strong  complex  since 
(XXXV),  with  an  e value  of  -1.62,  was  a more  effective  electron-donor 
than  styrene  (e  = -0.80)  and  2-vinylpyridine  (e  = -0.42).M  There- 
fore, NMR  and  ultraviolet  techniques  were  employed  to  detect  the 
existence  of  a charge-transfer  complex  and  determine  its  equilibrium 


Ultraviolet  spectroscopy  was  used  to  locate  a charge-transfer 
band  In  the  form  of  an  absorption  which  appeared  when  the  two  mono- 
mers were  mixed.  Such  a band  was  observed  in  the  region  720-680  nro, 
corresponding  to  the  faint  violet  color  which  was  produced  upon  mix- 
ing the  monomers.  This  band  was  not  observed  in  the  spectra  of  pure 
solvent  or  pure  monomers. 

Determination  of  the  equilibrium  constant  for  complex  formation 
was  attempted  using  a procedure  similar  to  that  described  by  Sharpe. 
Details  concerning  sample  preparation  are  outlined  in  Chapter  VIII. 
Absorbance  measurements  were  carried  out  on  a Beckman  Acta  V Spectro- 
photometer. The  absorbance  at  the  maximum  wavelength  (706  nm)  was 
measured  for  each  sample  with  a 0.1538  M solution  of  acceptor  as 
reference. 

Some  difficulty  was  encountered  in  accurately  obtaining  absorb- 
ance measurements  because  the  magnitude  of  the  absorbance  decreased 
with  time.  The  decrease  correlated  with  a commensurate  decrease  in 
the  intensity  of  the  violet  color  of  the  complex.  In  order  to  obtain 
consistent  absorbance  readings,  samples  were  examined  at  exactly  3 i 
0.3  minutes  after  mixing  the  two  monomers. 

Further  complications  Involving  absorbance  measurements  were 
caused  by  an  extremely  low  extinction  coefficient  for  the  complex. 

As  a result,  high  concentrations  of  comonomers  were  required  in  order 
to  obtain  measureable  absorbances.  In  addition,  the  ratio  of  donor 
concentration  to  acceptor  concentration  was  limited  to  approximately 
50:1  by  the  large  volume  of  donor  olefin  required. 
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The  data  from  the  UV  study  (Table  14)  was  evaluated  according 
to  the  Benesi-Hildebrand62  equation  (56).  A plot  of  [A](Abs)_1  as  a 
function  of  [0]  gave  a line  with  considerable  scatter.  No  attempt 
was  made  to  derive  an  equilibrium  constant  from  the  data  available. 

[AHAbSp1  = (Ke)"1[D]“1  + e'1  (56) 


TABLE  14.  UV  DATA  FOR  CHARGE-TRANSFER  COMPLEX  OF  (V)a  + (XXXV) 


Sample  [0] 

-69- 

-dS- 

IBT 

GC483CT-1  0 

4B3CT-2  3.0292 

19.70  0.112 

1 37 

0.3301 

483CT-3  3.6260 

23.58  0.136 

1.13 

0.2758 

483CT-4  4.3958 

28.59  0.186 

0.827 

0.2275 

483CT-6  5.4338 

35.34  0.205 

0.750 

0.1840 

a [A]  = 0.15377  in  all 
b Reference  = 0.15377 

solutions. 

acceptor  in  CC1.;  » 

ax  ° 706 

An  alternative  approach  to  the  determination  of 

involving 

NMR  techniques  was  undertaken.  Measurement 

of  the  equilibrium  con- 

stant  for  complexation 

was  achieved  by  determining  th 

change  in  chem- 

ical  shift  of  the  cyclopropenyl  protons  as 
63.64 

function 

of  donor  con- 

The  procedure  for 
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in  the  UV  study  and  is 

outl ined  in  Chapter  V 

11.  Comonomer  concen- 
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chemical  shifts  (Table  15). 

with  the 
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TABLE  15.  NMR  OATA  FOR  COMPLEX  OF  (V)a  AND  (XXXV) 

Sample  Shift  [D]  ■[£]■  [O]'1^1)  (dJ^'W1) 


d [A] 


0.05558 


2.76655 


0.32607 

0.25227 


NMR  measurements  were  carried  out  on  a Varian  A-60  spectrometer 
at  38°C.  The  chemical  shift  of  the  cyclopropenyi  protons  was  recorded 
for  each  sample  and  compared  with  the  shift  observed  for  uncomplexed 
acceptor.  By  plotting  (4s'  as  a function  of  [D]"1,  a straight 
line  was  obtained  (Figure  10)  according  to  the  linear  relationship 
derived  by  Hanna  and  Ashbaugh65  (Equation  57). 

O'1  ’ «Aad>'1IM'1  ♦ (A*d)_1  (57) 

A„h5  = the  difference  between  the  chemical  shift  of  the  acceptor 
protons  in  complexed  form  and  that  of  the  acceptor  in  the 
uncomplexed  form. 

/.?D  = the  difference  in  the  chemical  shift  of  the  acceptor  pro- 
tons in  pure  complex. 

[0]  - the  concentration  of  donor  monomer. 

Q 8 Kgq  for  complexatian  (when  [D]  » [A]) 
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Evaluation  of  the  data  by  least  squares  analysis  gave  a correla- 
tion coefficient  of  0.998.  The  value  of  Kgq  was  determined  from  the 
slope  (see  Figure  10) , and  fijyj  was  obtained  from  the  intercept  and 
are  shown  in  Table  16.  Reported  values  for  complexes  with  (I)  and 
maleic  anhydride  (MAn)  are  shown  for  comparison. 

TABLE  16.  EQUILIBRIUM  CONSTANTS  OF  COMPLEXATIOH 
DETERMINED  BY  MR 

Complex  Solvent  Temp  (°C)  K (M~*)  (cps) 

DVE  hexane  38  0.005 

St  CC14  38  0.093 


(I) 

(I) 


125.0 


CHAPTER  VII 

SUMMARY  AND  CONCLUSIONS 

The  major  goals  of  this  research  program  were  (1)  to  improve  the 
existing  syntheses  and  develop  new  syntheses  for  cyclopropenone  ketals 
and  orthoacrylates,  (2)  to  study  their  polymer izab'l ity  with  a variety 
of  initiator  systems,  and  (3)  to  copolymerize  these  monomers  to  fur- 
ther establish  their  chemical  reactivities. 

Significant  improvement  in  safety  and  operational  convenience 
was  realized  by  modifications  in  the  synthesis  of  cyclopropenone 
ketals.  Likewise,  modifications  in  the  preparation  of  orthoacrylates 
enhanced  the  yield  and  operational  convenience  of  the  procedure.  In 
addition,  an  alternate  synthesis  of  orthoacrylates  was  devised  which 
did  not  require  a cyclopropenone  ketal  precursor. 

Cyclopropenone  ketals  and  orthoacrylates  did  not  homopolymerize 
in  the  presence  of  a variety  of  cationic  initiators.  In  each  case, 
the  formation  of  a stable  carbonium  ion  intermediate  was  suggested  to 
account  for  their  sluggish  reactivity.  Synthesis  and  isolation  of 
these  intermediates  were  achieved  by  reacting  equivalent  amounts  of 
monomer  and  BFg-OEtg  at  -78°C.  The  resulting  cationic  Intermediates 
were  characterized  by  NHR,  and  their  low  reactivity  towards  monomer 
was  demonstrated. 


Attempts  to  homopolymerize  cyclopropenone  ketals  and  orthoacryl- 


ates with  radical  initiators  were  also  unsuccessful.  In  the  case  of 
cyclopropenone  ketals,  steric  inhibition  of  propagation  was  suggested 
to  account  for  their  non-polymerizability.  Apparently,  adverse  inter- 
actions between  olefinic  substituents  rendered  polymerization  un- 
favorable in  a similar  nanner  to  that  reported  for  most  1,2-disubsti- 
tuted  olefins.  Although  orthoacrylates  are  not  disubstituted,  the 
orthoester  moiety  was  sufficiently  bulky  to  adversely  influence  the 
propagation  rate.  The  inhibitory  Influence  of  the  substituents  on 
these  monomers  was  further  supported  in  the  copolymerization  studies. 

Polymerization  of  cyclopropenone  ketals  was  accomplished  in  the 
presence  of  4-5  mole  % BFj-OEtg  at  25-50°C.  Apparently,  the  harsher 
reaction  conditions  promoted  a minor  conversion  to  polymer  involving 
an  allyl  dialkoxycarbonium  ion  intermediate.  Characterization  of 
the  structure  was  limited  to  infrared  analysis  due  to  the  insolubil- 
ity of  the  crosslinked  polymer.  An  a,5-unsaturated  ester  repeating 
unit  was  proposed  with  minor  cyclopropanone  ketal  units  present  as 
crosslinkable  sites. 

Bromination  of  cyclopropenone  ketals  gave  a 7-33S  conversion  to 
polymer  under  a variety  of  conditions.  A mechanism  involving  electro- 
philic ring-opening  of  the  cyclopropane  ring  to  generate  a dialkoxy- 
carbonium ion  was  proposed  on  the  basis  of  spectral  data  and  reac- 
tions of  model  compounds.  The  carbonium  ion  intermediate  apparently 
reacted  with  brominated  monomer  by  three  distinct  and  simultaneous 


pathways  to  produce  a terpolymer.  Subsequent  reactions  at  reactive 
sites  on  the  polymer  chain  further  complicated  the  structure.  A 
series  of  model  compounds  were  prepared  to  assist  elucidation  of  the 
polymeric  structure. 

Copolymerization  of  cyclopropenone  ketals  was  accomplished  with 
several  comonomers,  and  their  corresponding  reactivity  ratios  were 
calculated.  The  low  reactivity  ratios  obtained  were  attributed  to 
steric  inhibition  encountered  during  propagation  of  the  1,2-disubsti- 
tuted  olefin.  This  steric  influence  was  reflected  in  the  increased 
relative  reactivity  of  a cyclopropenone  ketal  monomer  bearing  a less 
bulky  ketal  moiety.  Spectral  evidence  for  the  presence  of  enchained 
cyclopropanone  ketal  units  was  observed.  However,  considerable  ring- 
opening  of  these  units  to  the  corresponding  propanoate  unit  was  appar- 
ent as  indicated  by  a major  ester  carbonyl  peak  in  the  infrared  spec- 
tra. Hydrolysis  of  the  pendant  ester  functionality  with  base  was 
achieved  to  produce  the  corresponding  propanoic  acid  unit. 

Copolymerization  of  orthoacrylates  with  several  comonomers  was 
also  accomplished.  Reactivity  ratios  were  determined  which  revealed 
that  the  radical  generated  from  the  orthoacrylate  monomer  was  vir- 
tually inert  towards  like  monomer.  The  low  reactivity  was  attributed 
to  steric  prohibition  of  propagation  by  the  bulky  orthoester  substi- 
tuent. The  copolymers  of  orthoacrylates  contained  propanoate  ester 
units  arising  from  hydrolysis  of  the  orthoester  moiety  during  or  sub- 


sequent to  polymerization. 


A charge-transfer  complex  was  proposed  in  the  copolymerization 
of  monomers  (V)  and  (XXXV).  The  complex  was  detected  in  the  ultra- 
violet spectrum,  and  the  equilibrium  constant  for  complexation  was 
determined  by  NHR  techniques.  A copolymerisation  between  the  1:1 
charge-transfer  complex  and  non-associated  acceptor  monomer  was  pos- 
tulated to  account  for  a 2:1  incorporation  of  acceptor  to  donor  in 
the  copolymer.  Modification  of  the  copolymerizatfon  equation  to 
account  for  complexation  gave  a linear  relationship  when  evaluated 
by  the  method  of  Fineman  and  Ross.  The  resulting  reactivity  ratios 
determined  for  complex  and  non-associated  acceptor  were  less  than  0.3 
indicating  a strong  tendency  for  each  radical  to  cross-propagate. 


APPENDIX 

EXPERIMENTAL 


All  temperatures  are  reported  uncorrected  in  degrees  centigrade. 
Melting  points  were  determined  in  sealed  evacuated  capillary  tubes 
using  a Thomas-Hoover  melting  point  apparatus.  Elemental  analyses 
were  performed  by  Atlantic  Microlab,  Inc.,  Atlanta,  Georgia,  and 
Schwartzkopf  Laboratory,  New  York,  New  York. 

Proton  nuclear  magnetic  resonance  spectra  were  obtained  using  a 
Varian  A-60  Spectrometer.  All  chemical  shifts  are  reported  in  ppm 
relative  to  the  internal  reference  tetramethyl silane  (TMS).  Instru- 
ment conditions  are  stated  for  each  analysis. 

Infrared  analysis  was  carried  out  on  a Perkin-Elmer  281  Spectro- 
photometer. Spectra  of  solid  samples  were  obtained  from  a KBr  disc, 
while  those  of  liquids  were  obtained  from  a film. 

The  ultraviolet  spectral  investigations  of  charge-transfer  com- 
plexes were  completed  using  a Beckman  Acta  V Spectrophotometer. 

Quartz  cells  with  1 cm  path  length  were  used. 

Number  average  molecular  weights  of  polymers  were  determined 
using  a Mechrolab  Model  302  or  a Mescan  Model  233  Vapor  Pressure 
Osmometer.  Measurements  were  carried  out  in  spectral  grade  acetone 


cal ibration 
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Anhydrous  solvents  were  obtained  using  the  methods  described  by 
Gordon  and  Ford.®*  Non-solvents  for  precipitation  of  polymers  were 
technical  grade  and  were  used  without  further  purification.  All 
other  solvents  were  reagent  grade  and  were  used  as  purchased. 

Prepurified  nitrogen  gas  was  purchased  from  Airco,  Inc.. and  was 
used  without  further  purification. 

B.  Synthesis 

Preparation  of  l-Bromo-3-chloro-2.2-dimethoxypropane  (III.  A 
1000  ml  three-necked  flask  equipped  with  a magnetic  stir  bar.  thermo- 
meter and  CaS04  drying  tube  was  charged  with  600  ml  anhydrous  methanol, 
75  ml  2,3-dichIoropropene  and  8 drops  of  concentrated  sulfuric  acid. 

The  reaction  mixture  was  cooled  to  -5°C  in  an  ice/acetone  bath,  and 
150  g of  N-bromosuccinimide  was  added  slowly  with  stirring.  The  temp- 

ually  permitted  to  warm  to  room  temperature  as  the  ice  melted.  Stir- 
ring was  continued  for  12  hours  or  until  decolonization  of  the  reac- 
tion mixture  had  occurred. 

Acid  catalyst  was  neutralized  by  the  cautious  addition  of  450  ml 
of  a saturated  solution  of  sodium  bicarbonate  causing  vigorous  evolu- 
tion of  carbon  dioxide  and  precipitation  of  product. 

The  reaction  mixture  was  transferred  to  a two-liter  separatory 
funnel  using  600  ml  pentane  to  dissolve  the  product  and  rinse  the 
equipment.  The  aqueous  phase  was  separated  and  extracted  twice  with 
100  ml  portions  of  pentane  after  additional  water  had  been  added  to  the 


capacity  of 


funnel . 


combined  organic  layer 


tracts  were  dried  over  Na«S0«  and  then  decanted  into  a one-liter 
beaker.  Product  was  frozen  out  of  solution  at  -78°C  in  a Dry  Ice/ 
isopropanol  bath,  and  pentane  was  decanted  from  the  white  crystalline 
ketal.  The  crystals  were  scraped  from  the  walls  of  the  beaker  and 
dried  under  a stream  of  nitrogen  to  give  105  - 115  g or  60  - 66% 
yield,  m.p.  69-70°C,  lit.  m.p.  69.5-70.5'C.1 

Preparation  of  2-Bromomethyl-2-chloromethvl-5.5-dimethyl-1.3- 
dioxane.  A procedure  similar  to  that  described  by  Butler  et  al.3  was 
carried  out  using  equimolar  amounts  of  l-bromo-3-chloro-2,2-dimethoxy- 
propane  (II)  and  2,2-dimethyl -1, 3-propanediol  in  the  presence  of  a 
catalytic  amount  of  HgSOg.  following  removal  of  the  theoretical 
amount  of  methanol  by-product,  the  ketal  was  distilled  directly  from 
the  reaction  vessel  at  56-58°C/0.01  mmHg  in  85-90%  yields,  lit.  b.p. 
98°C/0.04  mmHg.3 

Preparation  of  2-Bromomethyl-2-ch1oromethvl-4.5-dimethyl-1.3- 
dioxolane  (X).  The  transketal ization  was  carried  out  as  described 
earlier  using  the  corresponding  2,3-butanediol  (23  ml,  0.25  mole)  and 
54  g (0.25  mole)  (II).  The  cis  and  trans  product  was  distilled  from 
the  reaction  mixture  at  47-54®C/0.01  iimHg  to  give  39  g of  product  or 
64%  of  theory. 

The  NMR  spectrum  showed  a six-proton  triplet  at  1.3  ppm,  two 
two-proton  singlets  at  3.54  and  3.69  ppm,  and  two  one-proton  multi- 
plets  at  3.8  and  4.4  ppm.  Major  IR  absorbances  appeared  at  2295(s), 
2900  (s),  1478(s),  1425(s),  1240-1020  (group  of  four  strong  bands). 


940(m),  840(m),  800(m),  740(m)  and  670(m).  Anal.  Calc,  for  C7H1?02- 
BrCl:  C,  34.52;  H,  4.97;  Br  ♦ Cl,  47.37.  Found:  C,  34.62;  H,  4.95; 
Br  + Cl,  47.19. 

Preparation  of  3,3-Dlmethoxycvclopropene  (I).  A three-liter, 
three-necked  flask  was  fitted  with  a gas  inlet,  mechanical  stirrer. 
Dry  Ice  condenser,  and  sodium  hydroxide  drying  tower.  The  apparatus 
was  flame-dried  under  a stream  of  N?  and  then  cooled  in  a Dry  Ice/ 
isopropanol  bath  with  continued  flow.  Dry  Ice  was  added  to  the 
condenser,  and  condensation  of  ammonia  was  begun.  After  approximately 
2.4  1 liquid  ammonia  had  been  collected,  the  cooling  bath  was  removed 
and  solvent  was  allowed  to  warm  to  boiling  (-33°C) . 

Under  a stream  of  Nj  stirring  was  begun,  and  217  g (1  mole)  1- 
bromo-3-chloro-2,2-dimethoxypropane  was  added.  The  N,  flow  was 
stopped  after  a solids-addition  tube^*  containing  2.1  moles  sodium 
amide  (Aldrich,  97%)  was  attached,  and  base  was  added  in  small  por- 
tions over  a two-hour  period.  Vigorous  boiling  ensued  with  each  addi- 
tion, and  the  reaction  mixture  rapidly  became  dark  brown.  Stirring 
was  continued  an  additional  two  hours  after  which  time  excess  amide 
was  neutralized  by  the  cautious  addition  of  20  g NH.C1.  Ammonia  was 
allowed  to  evaporate  overnight  while  1000  ml  dry  diethyl  ether  con- 
taining 2 mole  X hydroquinone  was  added  via  an  addition  funnel  to 
replace  the  anmonia  solvent.  The  next  morning  the  reaction  mixture 
was  filtered  to  remove  by-product  salts  which  were  washed  twice  with 
ether.  Solvent  was  removed  at  20  mmHg,  and  the  brown  viscous  residue 
was  distilled  at  25°C/4  nmHg.  Product  was  collected  in  a trap  at 
-78°C  to  give  40  g of  a colorless  liquid,  lit.  b.p.  36°C/33  irniHg.2 


Synthesis 


-Dioiaspiro{2.5)oct- 


(III).  The  starting 


material.  2-bromomethyl-2-chloromethyl-l,3-dioxane,  was  prepared  in 
852  yield  from  170  g (0.78  mole)  (II)  and  56  ml  (0.78  mole)  1,3-pro- 
panediol  using  the  transketal ization  procedure  described  earlier, 
b.p.  65-70°C/0.1  mmHg;  m.p.  58-60°C.  lit.  m.p.  59-60°C.10 

The  cyclopropenone  ketal  (III)  was  synthesized  in  42S  yield 
from  157  g (0.68  mole)  2-bromomethyl-2-chloromethyl-l,3-dioxane  and 
58.5  g (1.50  moles)  liaNHj.  b.p.  32-33°C/0.04  rnnHg.  lit.  b.p.  35- 
40°C/0.3-0.4  mmHg.10 


Preparation  of  5.6-0imethyl-4.7-dioxaspiro(2.4)hept-l-ene  (IV). 
A procedure  similar  to  that  described  for  the  preparation  of  (I)  was 
carried  out  using  0.34  mole  2 -bromomethyl-2-chloromethyl-4, 5-di- 
methyl -1,3-dioxolane  and  0.36  mole  NaNHj.  Product  was  distilled  at 
28-33°C/0.04  nmtHg  to  give  only  a 52  yield  of  product. 

The  NMR  spectrum  showed  two  three-proton  doublets  (J  = 8 Hz)  at 
1.52  and  1.53  ppm,  two  one-proton  multiplets  at  3.80  and  4.35  ppm 
and  a two-proton  singlet  at  7.88  ppm.  Anal.  Calc,  for  5. 

66.64;  H,  7.99.  Found;  C,  66.48;  H,  8.02. 

Preparation  of  6.6-0imethyl-4,8-dioxaspiro(2.5)oct-l-ene  (V). 
The  compound  was  prepared  in  a manner  similar  to  that  described  for 
the  synthesis  of  (I).  Typically,  0.50-0.70  mole  2-bromomethyl-2- 
chloromethyl-5,5-dimethyl-l,3-dioxane  was  treated  with  a 102  molar 
excess  of  sodium  amide  for  5-6  hours.  The  product  was  stabilized 
with  2 mole  2 hydroquinone  and  isolated  by  distillation  at  33-40°C/ 
0.01  imnHg.  The  yield  was  40-552  of  theory,  lit.  b.p.  40-55°C/0.015 


theory,  lit.  b.p. 


Reaction  of  l-Bromo-3-chloro-2,2-dimethoxvpropane  fill  with 
NallH.  in  Mineral  Oil.  To  a 100  ml  three-necked  flask  was  added  4.3  g 
(0.11  mole)  NaNH^  and  15  ml  mineral  oil  in  a dry  box.  The  reaction 
vessel  was  transferred  to  a hood  and  heated  to  165-175“C  under  a mild 
flow.  Recrystallized  (II)  was  added  to  the  reaction  mixture  in 
small  portions  through  a sol ids-addition  funnel.  The  addition  re- 
quired one  hour,  and  heating  was  continued  two  hours  more  during 
which  time  approximately  3 ml  of  colorless  liquid  had  collected  in  a 
Dry  Ice/isopropanol  trap.  The  liquid  was  identified  as  ammonia  by 
its  odor  and  high  volatility.  No  desired  product  was  collected  even 
after  raising  the  pot  temperature  to  220°C  with  a brisk  flow  of  N-. 

Reaction  of  2-Bromomethvl-2-chloromethvl-5.5-dimethvl-1.3-diox- 
ane  with  Potassium  tert-butoxide.  A 250  ml  three-necked  flask  was 
fitted  with  a N2  inlet,  mechanical  stirrer,  sol ids-addition  tube  and 
mineral  oil  bubbler,  and  the  assembled  apparatus  was  flame-dried  and 
cooled  under  a brisk  stream  of  N2-  The  flask  was  charged  with  25.8  g 
(0.10  mole)  ketal  and  125  ml  anhydrous  OMSO,  and  the  contents  were 
cooled  to  0°C  in  an  ice-water  bath.  Addition  of  22  g (0.22  mole) 
potassium  t-butoxide  in  small  portions  to  the  stirred  reaction  mix- 
ture required  14  hours,  after  which,  stirring  was  continued  for  one 
hour.  Approximately  75  ml  pet  ether  was  added  to  the  olive  green 
reaction  mixture,  and  after  stirring  for  several  minutes,  was  decanted 
from  the  flask.  The  extraction  with  hydrocarbon  solvent  was  repeated 
once  more,  and  the  combined  extracts  were  evaporated  in  vacuo  to  give  a 
liquid  residue.  The  liquid  was  identified  by  NMR  as  pure  6,6-di- 
methyl -l-t-butoxy-4  ,8-dioxaspi ro( 2 . 5)oc tane . 


The  NMR  spectrum  showed  two  three-proton  singlets  at  0.85  and 
1.15  ppm,  a two-proton  multiplet  at  1.1  ppm,  a nine-proton  singlet  at 
1.86  ppm,  a one-proton  multiplet  at  3.2  ppm,  and  a four-proton  sing- 
let at  3.55  ppm.  Anal.  Calc,  for  C^HjjOj:  C,  67.57;  H,  9.92. 

Found:  C,  67.64;  H,  9.94. 

Reaction  of  2-Bromomethvl-2-chioromethyl-5.5-dimethvl-1.3-diox- 
ane  with  l,5-Piaaabicvclo(3.4.0)nonene-5.  A 500  ml  three-necked  flask 
was  charged  with  25.8  g to. 10  mole)  ketal  and  160  ml  anhydrous  THF. 

The  system  was  flushed  with  N-  and  cooled  to  0°C  in  an  ice-water  bath. 
To  the  stirred  solution  was  added  dropwise  a solution  of  40  ml  (0.32 
mole)  amine  in  40  ml  THF.  Following  the  addition  (30  minutes),  the 
reaction  mixture  was  heated  to  reflux  for  six  hours  with  no  formation 
of  desired  product  detected. 

Reaction  of  2.2-Bis(bromomethvl l-5.5-dimethv1-1.3-dioxane  (XXXI 3 
with  Methanol ic  Potassium  Hydroxide.  A 100  ml  three-necked  flask  was 
charged  with  25  ml  of  a solution  of  48  g potassium  hydroxide  (KOH) 
per  liter  methanol  (0.080  mole  KOH).  Under  a brisk  stream  of  H-,  a 
solution  of  6 g (0.020  mole)  ketal  in  25  ml  methanol  was  added  drop- 
wise,  accompanied  by  a vigorous  exothermic  reaction.  Product  and 
solvent  were  trapped  at  -78°C,  but  no  desired  product  was  detected. 

Reaction  of  l-Bromo-3-chloro-2.2-dimethoxypropane  (II)  with 
Tertiary  Alcohols  and  Oiols.  In  a typical  reaction,  10.9  g (0.05 
mole)  ketal  was  treated  with  a 50%  molar  excess  of  alcohol  or  diol  in 
the  presence  of  a catalytic  amount  of  p-toluenesulfonic  acid  or 
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sulfuric  acid.  Reactions  were  carried  out  in  the  absence  of  solvent 
or  dissolved  in  benzene  or  toluene.  Sufficient  heat  was  applied  to 
reflux  the  mixture,  and  methanol  or  methanol -azeotrope  was  collected 
in  a Dean-Starke  trap.  After  heating  2-4  hours,  analysis  of  the  mix- 
ture revealed  the  presence  of  l-bromo-3-chloropropanone  and  prod- 
uces) arising  from  dehydration  of  the  alcohol  or  diol.  For  instance, 
in  the  case  of  plnacol  the  pinacol  rearrangement  occurred  to  produce 
pinacolone. 

Preparation  of  2,2,4.4,5.5-Hexamethyl-1.3-dioxolane  (X).  A 250 
ml  round-bottomed  flask  was  charged  with  38  ml  (0.50  mole)  2,2-di- 
methoxypropane,  59  g (0.50  mole)  pinacol,  and  0.10  g p-toluene  sul- 
fonic acid.  The  contents  were  heated  to  reflux,  and  methanol  by- 
product was  trapped  in  a Dean-Starke  trap.  After  the  condensation 
of  methanol  had  ceased,  the  reaction  mixture  was  cooled  and  distilled 
in  vacuo.  Product  was  collected  at  46-47”C/14  nrnHg  to  give  61  g of 
a colorless  liquid;  77*  yield,  lit.  b.p.  147.5-148.5/745  mmHg.69 

The  NMR  spectrum  showed  a twelve-proton  singlet  at  1.21  ppm  and 
a six-proton  singlet  at  1.39  ppm. 

Reaction  of  2.2.4.4.5.5-Hexamethvl-1.3-dioxolane  (HI  with  Bro- 
mine. A 250  ml  three-necked  flask  was  charged  with  7.9  g (0.05  mole) 
ketal  and  60  ml  anhydrous  methanol.  The  system  was  purged  with  fig 
and  heated  to  a gentle  reflux.  A solution  of  5.2  ml  (0.10  mole)  Br^ 
in  40  ml  methanol  was  added  dropwise  to  the  reaction  mixture  at  such 
a rate  as  to  maintain  a vigorous  reflux.  Following  the  addition  of 
bromine,  the  colorless  solution  was  allowed  to  cool  and  was  poured 


into  150  ml 
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10?  NSjCOj.  The  organic  layer  was  extracted  twice  with 
50  ml  portions  of  pentane,  and  the  combined  extracts  were  dried  over 
M9SO4.  Evaporation  of  pentane  left  a liquid  residue  which  was  iden- 
tified by  KMH  as  a mixture  of  l,3-dibromo-2,2-dimethoxypropane  and 
other  mono-,  di-  and  tribrominated  ketals. 

When  this  reaction  was  repeated  using  anhydrous  diethyl  ether 
or  ethylene  glycol,  the  major  products  were  1,3-dibromopropanone  and 
1 , 1-dibroraopropanone . 

Reaction  of  l-6romo-3-chloro-2.2-dimethoxypropane  with  Catechol 
and  other  Pihydroxyaryl  Compounds.  To  a 250  ml  round-bottomed  flask 
was  introduced  10.9  g (0.050  mole)  ketal,  5.5  g (0.050  mole)  cate- 
chol and  0.1  mole  ' concentrated  H^SO^  or  p-toluene  sulfonic  acid 
(p-TsOH).  The  reaction  mixture  was  heated  to  reflux  and  immediately 
became  dark  violet.  After  3 ml  of  methanol  had  collected  in  a Dean- 
Starke  trap,  the  reaction  was  stopped.  No  desired  product  was  de- 
tected by  NMR  analysis  of  the  reaction  mixture. 

Similar  reactions  were  carried  out  using  4.7  g (0.050  mole)  o,o‘- 
bisphenol  and  8.4  g (0.050  mole)  4-tert-butylcatechol  but  resulted  in 
the  formation  of  a purple  prodgct(s)  as  in  the  case  of  catechol.  The 
use  of  benzene  or  toluene  as  solvent  did  not  affect  the  course  of  the 

Reaction  of  1.3-Dichlorooropanone  with  Plnacol.  A 250  ml  round- 
bottomed  flask  was  charged  with  14  g (0.11  mole)  dichloroacetone,  11.8 
g (0.10  mole)  pinacol,  100  ml  benzene,  and  20  mg  p-TsOH.  The  reaction 
mixture  was  heated  to  reflux  for  two  hours  while  water  by-product  was 


collected  in  a Dean-Starke  trap.  Benzene  was  removed  in  vacuo, 
leaving  a mixture  of  dichloroacetone  and  pinacolone. 

Similar  reactions  were  performed  using  0.10  mole  amounts  of 
catechol,  o,o'-bisphenol , and  2, 2-dimethyl-l, 3-propanediol . total- 
ization occurred  only  in  the  case  of  the  primary  diol  to  form  2,2- 
bis(chloromethyl)-5,5-dimethyl-l,3-dioxane  in  6311  yield. 

Preparation  of  Dlethoxvcarbonium  Hexachloroantimonate  (XIII ) . 

A procedure  similar  to  that  described  by  Meerwein  et  al.M  was  em- 
ployed. A 25  ml  round-bottomed  flask  was  charged  with  14.9  g (50 
nmoles)  antimony  pentachloride  and  4 ml  anhydrous  CH.C1-.  The  con- 

To  the  stirred  reaction  mixture  was  injected  3.7  g (25  mmoles)  tri- 
ethyl orthoformate.  Inmediately,  colorless  crystals  of  ethoxytetra- 
chloroantimonate  appeared.  The  mixture  was  allowed  to  stand  for  two 
hours  at  -30°C,  and  then  the  liquid  was  filtered  from  the  crystalline 
residue.  The  crystals  were  washed  with  6 ml  cold  (-30°C)  CHjClj,  and 
the  combined  filtrates  were  poured  into  200  ml  CC1.  and  stored  at  0°C 
overnight.  The  product  was  filtered  and  dried  in  vacuo  to  give  8.0  g 
(74*  yield),  m.p.  150-153'C.  lit.  m.p.  151-152”C.24 

Synthesis  of  Vinyldiethoxycarbonium  Hexachloroantimonate  (XIV). 

A 25  ml  round-bottomed  flask  was  charged  with  4.4  g (10  nmoles)  (XIII) 

septum.  The  mixture  was  cooled  to  0°C,  and  1.2  ml  (11  nmoles)  ethyl 
acrylate  was  injected  in  one  portion.  Stirring  was  continued  for 
four  hours  at  0°C,  and  then  the  reaction  mixture  was  poured  into  150 
ml  EtjO.  The  salt  which  precipitated  was  filtered,  washed  with  EtjO, 
and  dried  in  vacuo.  The  yield  of  product  was  2.8  g or  60S  of  theory. 


The  HMR  spectrum  showed 


triplet  at  1.80  ppm,  a 
?e-proton  multiplet  at  6.22- 


four-proton  quartet  at  5.12  ppm  and  a 

Preparation  of  Diethylmethvl  Orthoacrylate  (XVI.  A 50  ml  round- 
bottomed  flask  was  charged  with  4 ml  pyridine  and  20  ml  anhydrous 
methanol.  The  contents  were  sealed  under  Ng  with  a rubber  septum  and 
cooled  to  -78®C.  To  the  stirred  solution  was  added  2.8  g (6.0  mmoles) 
(XIV)  dissolved  in  3 ml  CHgClg,  and  the  reaction  mixture  was  stirred 
for  two  hours  at  -78°C.  The  mixture  was  poured  into  60  ml  cold  CC14 
and  then  extracted  with  40  ml  10%  aqueous  NaOH.  The  organic  layer 
was  dried  over  CaCl ^ . and  solvent  was  evaporated.  The  liquid  residue 
was  identified  as  the  desired  orthoacrylate  by  HMR.  The  yield  was 
0.80  g or  838  of  theory. 

The  NMR  spectrum  showed  a six-proton  triplet  at  1.20  ppm,  a 
three-proton  singlet  at  3.24  ppm,  a four-proton  quartet  at  3.47  ppm 
and  a three-proton  multiplet  in  the  region  5.3-5. 7 ppm.  The  spectrum 
was  identical  to  that  reported  in  the  literature.3 

Preparation  of  B.fl-Oimethyl -v-bromooropylacrylate  (XVII).  A 
250  ml  three-necked  flask  equipped  with  condenser,  addition  funnel, 
CaClj  drying  tube  and  Nj  inlet  was  charged  with  73  g (0.70  mole)  2,2- 
dimethyl-l,3-propaned1ol.  The  reaction  vessel  was  purged  with  Nj, 
and  heat  was  applied  until  most  of  the  diol  had  melted.  Then  21  ml 
(0.22  mole)  PBr,  was  added  dropwise  at  such  a rate  as  to  maintain  a 
gentle  reflux.  The  addition  was  completed  in  45  minutes,  and  heating 
was  continued  for  two  hours  longer.  Upon  cooling,  the  reaction 
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mixture  was  poured  into  300  ml  H-,0  and  neutralized  with  Na2C0j.  The 
organic  layer  was  extracted  with  300  ml  ether  and  again  with  150  ml 
ether.  The  combined  extracts  were  dried  over  MgSO.,  and  ether  was 
removed  on  the  rotary  evaporator.  The  brown  viscous  residue  was  frac- 
tionated at  70-80°C/8  mmHg  to  give  16  g or  a 15*  yield  of  3-bromo-2, 

2- dimethyl-l-propanol.  lit.  b.p.  78°C/12  iriiHg.70 

The  NMR  spectrum  showed  a six-proton  singlet  at  1.03  ppm,  a one- 
proton  singlet  at  2.93  ppm,  a two-proton  singlet  at  3.92  ppm,  and  a 
two-proton  singlet  at  3.48  ppm. 

To  a 250  ml  round-bottomed  flask  was  introduced  16  g (9.6  mmoles) 

3- bromo-2,2-dimethyl-l-propanol , 8.1  ml  (10  mmoles)  acryloyl  chloride 
and  60  ml  benzene,  and  the  contents  were  refluxed  for  two  hours  under 
a CaCl o drying  tube.  Upon  cooling,  the  reaction  mixture  was  washed 
with  100  ml  saturated  NaHCOj  solution  followed  by  100  ml  water.  The 
organic  layer  was  dried  over  HgSO^  and  benzene  was  removed  in  vacuo. 
The  yellow  residue  was  fractionated  at  65-66*0/1.5  mmHg  to  give  8.9  g 
or  a 42*  yield  of  the  desired  acrylate. 

The  NMR  spectrum  showed  a six-proton  singlet  at  1.10  ppm,  a two- 
proton  singlet  at  3.41  ppm,  a two-proton  singlet  at  4.08  ppm,  and  a 
three-proton  multiplet  at  5.7-6 .7  ppm. 

The  infrared  spectrum  gave  signals  at  3040(w),  2970(s),  2880(m), 
1730(5),  1635(m),  1620(m),  1472(s),  1410(s),  1390(m),  1373(m),  1296 
(s),  1266(d),  1210-1170(s),  1060(s),  985(s),  810(s)  and  657(s).  Anal. 
Calc,  for  CgHi^OgBr:  C,  43.46;  H.  5.93;  8r,  36.14.  Found:  C,  43.62; 
H,  5.97;  Br,  35.95. 


91 

Preparation  of  2-Vinyl-5,5-dimethv1-l,3-dloxenium  Tetrafluoro- 
borate  (XVI)  from  (XVII).  A 25  ml  round-bottomed  flask  was  charged 
with  2.2  g (10  ranoles)  (XVII)  and  10  ml  anhydrous  CHjClj.  The  reac- 
tion vessel  was  transferred  to  a dry  bo*  where  1.9  g (10  mmoles)  AgBF, 
was  weighed  and  added  to  the  reaction  mixture  in  small  portions. 

After  stirring  for  45  minutes  at  room  temperature  the  heterogeneous 

5 ml  portions  of  CHjClj,  and  the  combined  filtrate  and  washings  were 
added  to  200  ml  dry  ether.  A waxy  solid  precipitated  immediately. 

The  ether  was  decanted,  and  the  salt  was  redissolved  in  CI^Clj  and 
reprecipitated  in  ether  twice  more.  The  solid  was  then  filtered  and 
washed  with  ether  under  a stream  of  Ng.  The  off-white  solid  was 
dried  in  vacuo  (10_®  torr)  to  give  0.96  g or  a 40%  yield. 

The  IIHR  spectrum  in  CDjCN  showed  a six-proton  singlet  at  1.19 
ppm,  a four-proton  singlet  at  4.80  ppm,  and  a three-proton  multiplet 
in  the  region  6.25-7.33  ppm. 

Synthesis  of  2-Hethoxv-2-vinvl-6,5-dimethvl-l,3-dioxane  (XII 1 
from  (XVI).  A procedure  similar  to  that  described  for  the  synthesis 
of  (XV)  was  carried  out  using  the  following  quantities  of  starting 
materials:  1.4  g (6  mmoles)  (XVI),  4 ml  pyridine,  and  20  ml  methanol. 
The  yield  of  (XII)  was  0.91  g or  88%  of  theory. 

The  NKR  spectrum  was  identical  to  that  reported  for  (XII)  syn- 
thesized from  (V). 


Preparation  of  2-Methoxv-2- 


-dimethyl-l,3-dioxane  (XII) 


from  (V).  A 1000  ml  three-necked  flask  equipped  with  condenser,  CaCl- 
drying  tube,  addition  funnel  and  Ng  inlet  was  charged  with  400  ml 
methanol  and  approximately  2 g pulvarized  CaHg.  The  vessel  was  purged 
with  Nj,  and  the  contents  were  refluxed  for  three  hours  with  stirring. 
Then,  20  g (0.14  mole)  6,6-dimethyl-4,8-dioxaspiro(2.5)oct-l-ene  (V) 
was  added  dropwise  to  the  refluxing  mixture  over  a 15-minute  period. 
After  refluxing  for  four  hours,  the  cooled  reaction  mixture  was  fil- 
tered, and  methanol  was  removed  on  a rotary  evaporator.  The  faint- 
yellow  liquid  residue  was  fractionally  distilled  at  36-37°C/1.5  mmHg. 
Tit.  b.p.  30°C/1  mmHg.3  The  yield  was  17.5  g or  73%  of  theory. 

The  NNR  spectrum  showed  two  three-proton  singlets  at  0.79  and 
1.15  ppm,  a three-proton  singlet  at  3.21  ppm,  a two-proton  doublet  at 
3.31  ppm,  a two-proton  doublet  at  3.83  ppm,  and  a three-proton  multi- 
plet  at  5.20  to  5.78  ppm. 

Preparation  of  Trimethvl  Orthoacrylate  (Xml).  To  a 250  ml 
round-bottomed  flask  was  introduced  150  ml  anhydrous  methanol.  The 
contents  were  sealed  under  fig  with  a rubber  septum  and  cooled  in  an 
ice-water  bath.  To  the  stirred  alcohol  was  injected  10  g (0.10  mole) 
3,3-dimethoxycyclopropene  (1).  The  reaction  was  stirred  at  0°C  for 
three  hours  and  then  allowed  to  warm  to  25°C.  Methanol  was  removed 
in  vacuo,  and  the  yellow  liquid  residue  was  distilled  at  34-36°C/ 

10  mmHg  to  give  9.8  g of  a 
25"C/1  mmHg.3 


colorless  liquid  (74%  yield). 


Preparation  of  2-Vinyl-5.5-dimethyl- 


Tetrafluoro- 


borate  (XVI)  from  (Xll).  A 25  ml  round-bottomed  flask  was  charged 
with  1.7  g (10  rnnoles)  2-methoxy-2-vinyl-5.5-dimethyl-l,3-dioxane 
(KIl)  and  10  ml  anhydrous  diethyl  ether.  The  contents  were  sealed 
under  N«  with  a rubber  septum  and  cooled  to  -78°C.  To  the  stirred 
solution  was  injected  1.2  ml  (10  nmoles)  BFj-OEtj  dropwise  over  a 
5-minute  period.  After  15  minutes,  the  ether  was  decanted  from  a 
waxy  solid  which  adhered  to  the  surface  of  the  flask.  The  solid 
was  taken  up  in  a minimum  volume  of  CH?C1Z  and  precipitated  in  ether. 
After  decanting  the  ether,  the  solid  was  again  dissolved  in  CH2C1Z 
and  reprecipitated  in  ether.  The  salt  was  scraped  from  the  flask 
and  filtered  under  a stream  of  N^.  The  salt  was  washed  with  ether 
several  times  and  transferred  under  a layer  of  ether  to  a 10  ml  round- 
bottomed  flask.  The  white  solid  was  dried  on  the  high  vacuum  line 
(10'°  torr)  overnight  to  give  0.59  g or  a 358  yield  based  on  BFj-OEtj. 

The  NMR  spectrum  was  identical  to  that  described  earlier  for 
(XVI). 

Preparation  of  2-Phenyl-4.4.5.5-tetramethyl-1.3-dioxo1enium 
tribromide  (XIX).  A 100  ml  round-bottomed  flask  was  charged  with  12 
ml  (0.12  mole)  benzaldehyde,  12  g (0.10  mole)  pinacol,  50  ml  toluene 
and  20  mg  p-TsOH.  The  reaction  mixture  was  heated  to  reflux,  and 
toluene/water  azeotrope  was  collected  in  a Dean-Starke  trap.  After 
approximately  2 ml  HjO  had  been  removed,  the  reaction  was  stopped. 
Solvent  was  removed  in  vacuo,  and  product  was  distilled  at  115-17°C/ 

10  mmHg  to  give  2-phenyl -4 ,4,5,5-tetraniethyl -1,3-dioxolane  in  72* 
yield,  lit.  b.p.  120-21”C/11  mmHg.71 


The  corresponding  salt  (XIX)  was  prepared  by  treating  2.1  g 
(0.010  mole)  acetal  in  25  ml  CHClj  with  2.6  ml  (0.050  mole)  Br.  at 
0°C.  The  bromine  was  added  In  small  portions,  after  which  the  reac- 
tion mixture  was  allowed  to  stir  at  room  temperature  for  one  hour. 

The  resulting  orange  solution  was  poured  into  150  ml  diethyl  ether, 
and  the  orange  precipitate  was  filtered  and  washed  thoroughly  with 
ether.  Purification  by  dissolving  in  a minimum  amount  of  Cl^C^  and 
reprecipitation  in  ether  gave  pure  product  in  79S  yield,  ro.p.  82-84°C, 
lit.  m.p.  83-84 “C. 

Preparation  of  6,6-Dimethvl-4.8-dioxaspiro(2.51octane  (XXV11. 

A 1000  ml  three-necked  flask  fitted  with  a N?  inlet  condenser,  dry- 
ing tube  and  addition  funnel  was  charged  with  41  g (1.6  moles)  of 
HCl-etched  magnesium  turnings,  and  the  assembled  apparatus  was  flame- 
dried.  The  reaction  vessel  was  cooled  under  a brisk  stream  of  N-, 
and  several  crystals  of  purified  iodine  were  added,  followed  by  a 
solution  of  19  g (0.07  mole)  2,2-bis(bromomethyl )-5,5-dimethyl-l,3- 
dioxane  (XXXI)  in  100  ml  anhydrous  THF.  Heat  was  applied  to  the 
stirred  reaction  mixture  until  an  exothermic  reaction  began.  The 
heating  mantel  was  removed,  and  a solution  of  71  g (0.33  mole)  (XXXI) 

In  400  ml  anhydrous  THF  was  added  at  such  a rate  as  to  maintain  a 
vigorous  reflux.  Upon  completion  of  the  addition  (j  hour),  the  dark 
gray  mixture  was  heated  an  additional  two  hours. 

After  cooling  overnight,  the  solution  was  decanted  from  unreacted 
magnesium  into  1000  ml  H^O.  The  organic  layer  was  separated,  and  the 
aqueous  layer  was  extracted  twice  with  200  ml  diethyl  ether.  The 


combined  organic  layer  and  extracts  were  dried  over  KgSO,, . and  the 
solvents  were  removed  in  vacuo  leaving  a brown  liquid.  The  residue 
was  fractionally  distilled  at  40-41°C/5  ranHg  to  give  30  g of  product 

The  NMR  spectrum  showed  a four-proton  singlet  at  0.87  ppm,  a 
six-proton  singlet  at  1.01  ppm,  and  a four-proton  singlet  at  3.53  ppm. 

The  infrared  spectrum  gave  absorbances  at  3095(w),  3005(m), 

2950 (s),  2900(s),  2860(s),  2700(w),  1470(s),  1450(s),  1402(m),  1392 
(m),  1355(s),  1325(s),  13!0(s),  1242(s),  1195(s),  1080(s),  1045(s), 
1000(s),  915(s),  865 (s),  790(m),  712(m)  and  635(s).  Anal.  Calc,  for 
C8H14°2:  C*  67'57i  Hl  9-92-  Found:  c>  67.61»  H-  9-95. 

Reaction  of  6,6-Dimethvl-4.8-dioxaspiro(2.5loctane  (XXVI)  with 
Bromine.  To  a 25  ml  round-bottomed  flask  was  introduced  6 mmoles 
monomer  and  4 ml  anhydrous  CHjClj,  and  the  contents  were  sealed  with 
a rubber  septum  under  N^.  A solution  of  0.3  ml  (6  moles)  Br2  in  5 
ml  CHjC12  was  added  dropwise  via  a syringe  to  the  reaction  mixture 
while  cooling  in  a water  bath  at  20°C.  An  exothermic  reaction  was 
noted  during  the  addition.  After  the  bromine  had  been  added,  stir- 
ring was  continued  for  one  hour  before  pouring  the  contents  into  50 
ml  101  KaHSOj.  The  organic  layer  was  separated,  and  the  aqueous  layer 
was  extracted  with  15  ml  CHjClj.  The  combined  organic  layer  and  ex- 

moved  in  vacuo.  The  residue  was  identified  by  NHR  as  a mixture  of 


Starting  material  and  (XXVII). 


spectrum  of  the 


1.09  ppm,  a two-proton  triplet  at  2.98  ppm,  a two-proton  singlet  at 
3.37  ppm,  a two-proton  singlet  at  3.62  ppm,  and  a two-proton  triplet 
at  4.04  ppm.  Anal.  Calc,  for  CgHj402Br2:  C,  31.81;  H.  4.67;  Br, 
52.92.  Found:  C,  31.76;  H,  4.66;  Br,  52.99. 

Preparation  of  2-(rPropenvl)-5.5-dimethvl-1.3-dioxane  ( XXV 1 1 1 > ■ 
A 1000  ml  round-bottomed  flask  was  charged  with  52.6  g (0.75  mole) 
croton  aldehyde,  70.8  g (0.68  mole)  2, 2-dimethyl-l, 3-propanediol , 

400  ml  benzene  and  50  mg  p-TsOH.  The  contents  were  refluxed  for  two 
hours  while  approximately  14  ml  HjO  was  collected  in  a Dean-Starke 
trap.  After  cooling  the  contents,  the  solvent  was  removed  in  vacuo, 
and  5 g CaO  was  added  to  destroy  the  acid  catalyst.  Following  filtra- 
tion, the  product  was  stirred  over  CaHj  for  24  hours  and  fractionally 
distilled  at  53-55°C/4  ircnHg  to  give  66  g of  product  or  63%  of  theory. 

The  proton  NMR  spectrum  showed  two  three-proton  singlets  at 
0.72  and  1.19  ppm,  a three-proton  doublet  at  1.70  ppm,  a four-proton 
multiplet  at  3.53  ppm,  a one-proton  doublet  at  4.78  ppm,  and  a two- 
proton  multiplet  at  5. 3-6.1  ppm. 

The  infrared  spectrum  gave  signals  at  3030(m),  2960(s),  2870(s), 
2750(w),  2700(w),  1680(m),  1460(s),  1385(s),  1370(s),  1307(m),  1230 
(m),  1 21 5(m ) , 1170-1070(s),  1040-920(s),  790(m),  665(w)  and  633(w). 
Anal.  Calc,  for  CgH1602:  C,  69.19;  H,  10.32.  Found:  C,  69.28;  H, 


Preparation  of  2(r.2'-Oibromopropyl)-5.5-dimethvl-1.3-dioxane 
(Unix).  Bromination  was  carried  out  by  treating  1.6  g (0.010  mole) 
2(l'-propcnyl )-5, 5-dime thyl-l,3-dioxane  {XXVIII)  in  20  ml  CC14  with 
a solution  of  0.52  ml  (0.010  mole)  Br2  in  5 ml  CC1.  at  25°C.  The 
bromine  was  added  in  small  portions  while  allowing  time  for  each  por- 
tion to  decolorize  prior  to  addition  of  the  next.  Solvent  was  re- 
moved in  vacuo,  leaving  a liquid  residue  which  was  identified  as  the 
pure  bromine-addition  product.  The  yield  of  product  was  3.0  g or 

Assignment  of  signals  in  the  I1HR  spectrum  were  two  three-proton 
singlets  at  0.73  and  1.22  ppm,  a three-proton  doublet  at  1.87  ppm,  a 
four-proton  doublet  at  3.57  ppm,  a two-proton  multiplet  at  4. 2-4. 7 
ppm,  and  a one-proton  doublet  at  4.78  ppm. 

Anal.  Calc,  for  CgHjgBr^:  C,  34.20;  H,  5.10;  Br,  50.57. 

Found:  C,  34.32;  H,  5.08;  Br,  50.38. 

Preparation  of  B,B-Dimethvl-v-bromopropvl-2.3-dibromo-l-buta- 
noate  ( XXXI I ) . Ring-opening  of  the  dioxane  moiety  was  achieved  by 
refluxing  3.2  g (0.020  mole)  crotonal dehyde  acetal  (XXVIII)  with  2.1 
ml  (0.040  mole)  Br2  in  100  ml  CC1 4 for  two  hours.  Upon  cooling  the 
reaction  mixture,  solvent  was  removed  in  vacuo  to  give  a residue 
which  was  a mixture  of  the  desired  ester  and  the  brominated  acetal. 
Fractional  distillation  at  120-125°C/0.04  nmHg  afforded  the  pure  ester 
in  42%  yield. 

The  proton  NMR  spectrum  showed  a six-proton  singlet  at  3.15  Hz, 
a three-proton  singlet  at  2.05  ppm,  a two-proton  singlet  at  3.42  ppm. 


doublet 
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a two-proton  singlet  at  4.17  ppm,  a one-proton 

for  each  signal  and  were  attributed  to  stereoisomers,  i.e.,  RR,  RS, 

SR  and  SS. 

The  infrared  spectrum  showed  major  peaks  at  2960(s),  2930(s), 
2870 ( s) , 1730(s),  1465(s),  1440(s),  1390(m),  1370(m),  1300-1190(s), 
1150 (m) , 1080 (m) , 1020(m),  985(m),  790(m),  and  650(m).  Anal.  Calc, 
for  CgiijgBrjOg:  C,  27.37;  H,  3.83;  Br,  60.70.  Found:  C,  27.31; 

H.  3.86;  Br,  60.88. 

Preparation  of  B. £- Dimethyl  -i-broiiiopropyl -2 .3 ,3- tribrorropro- 

panoate  (XXX) ■ To  a 25  ml  round-bottomed  flask  was  added  2.1  ml 
(40  mmoles)  Br2  and  10  ml  anhydrous  CC1 4 . The  contents  were  cooled 
to  10-15°C  in  an  ice-water  bath,  and  a solution  of  1.4  g (10  mmoles) 
(V)  in  3 ml  CC1,  were  added  in  small  portions  over  a 20-minute  period. 
The  reaction  mixture  was  allowed  to  stir  at  25°C  for  30  minutes  and 
then  poured  into  100  ml  102  NaHSO-  solution.  The  organic  layer  was 
separated,  and  the  aqueous  phase  was  extracted  once  with  20  ml  CHC1-. 
The  combined  organic  layer  and  extract  were  dried  over  KgSO, , fil- 
tered and  reduced  in  vacuo.  The  residue  was  distilled  at  109-110°C/ 
0.05  mmHg  to  afford  the  pure  ester  in  812  yield. 

a two-proton  singlet  at  3.38  ppm,  a two-proton  singlet  at  4.11  ppm, 
a one-proton  multiplet  at  4.4-4. 7 ppm,  and  a one-proton  doublet  at 
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The  infrared  spectrum  exhibited  major  peaks  at  2965(s),  2870(m), 
1745(s),  1605(w) , 1470(m),  1395(m),  1375(m),  1260(s),  1180(s),  1140 
(s),  1093(5) , 1023(s),  980 (m) , 785(w),  765(w),  and  660(w).  Anal. 

Calc,  for  CBH12Br402:  C,  2090;  H,  2.63;  Br.  69.52.  Found:  C,  2093; 
H,  2.58;  Br,  69.59. 

Preparation  of  2.2-Bis(bromomethyl-5.5-dimethy1-1.3-dioxane 
(XXXI ) ■ A 200  ml  round-bottomed  flask  was  charged  with  34  ml  (0.44 
mole)  2, 2-dime thoxypropane,  42  g (0.40  mole)  2,2-dimethyl-l,3-propane- 
diol  and  4 drops  concentrated  HjSO,,.  The  reaction  vessel  was  fitted 
with  a condenser  set  downward  for  distillation,  and  methanol  by-prod- 
uct was  distilled  at  60-65°C  over  a two-hour  period.  The  product  was 
distilled  directly  from  the  reaction  vessel  at  51-52T/25  itmHg  to 
give  a 65*  yield  of  2,2,5, 5-tetramethyl-l,3-dioxane  (XXXI II).  lit. 
b.p.  143°C/760  irmHg,72 

A 250  ml  three-necked  flask  equipped  with  stir  bar,  condenser, 
drying  tube  and  addition  funnel  was  charged  with  23  g (0.16  mole) 
2,2,5,5-tetramethyl-l,3-dioxane,  100  ml  CHClj  and  33  g (0.33  mole) 

addition  of  18  ml  (0.33  mole)  Br2  was  begun.  The  heating  mantel  was 
removed,  and  bromine  was  added  at  such  a rate  as  to  maintain  a gen- 
tle reflux  (total  addition  required  one  hour).  The  reaction  mixture 
was  then  allowed  to  cool  and  was  poured  into  250  ml  HjO.  After 
filtering,  the  organic  layer  was  separated,  washed  with  15*  llaHSO, 
and  water,  and  dried  over  Na2S04.  Solvent  was  removed  in  vacuo,  and 
the  residue  was  distilled  at  79-81°C/0.01  mmHg  to  give  33  g or  69* 
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NMR  analysis  showed  a six-proton  singlet  at  1.01  ppm  and  two 
proton  singlets  at  3.54  and  3.71  ppm.  Absorbances  in  the  in- 
frared spectrum  were  observed  at  2995(s),  2900(s),  1475(s),  1440(s), 
1400(s),  1380(m) , 1365(m),  1270(s),  1190-1010  (5  strong  bands),  690 
(s),  670{s).  Anal.  Calc,  for  CgH^Br^:  C,  31)81;  H,  4.67;  Br, 
52.92.  Found;  C,  31.95;  K,  4.70;  Br,  52.76. 

C.  Polymerization 

Purification  of  Starting  Materials.  Cyclopropenone  ketals  were 
stabilized  with  0.1  mole  % hydroquinone  and  distilled  in  vacuo.  The 
monomer  was  then  stirred  over  CaH2  for  six  hours  at  10~6  torr  and 
subjected  to  two  bulb-to-bulb  distillations  prior  to  use.  Treatment 
with  CaH-  was  eliminated  in  the  case  of  3,3-dimethoxycyclopropene  (1). 
Orthoacrylates  were  stirred  over  CaH-  for  several  hours  at  10-D  torr, 
filtered  and  fractionally  distilled  prior  to  use. 

Styrene  was  washed  with  5%  NaOH  and  water  and  dried  over  CaS04 
for  24  hours.  The  monomer  was  then  stirred  over  CaHj  for  24  hours 
in  vacuo  (10'°  torr)  followed  by  two  bulb-to-bulb  distillations  prior 
to  use.  Acrylonitrile,  2-vinyl  pyridine  and  N-vinylpyrrolidone  (XXXV) 
were  fractionally  distilled  and  dried  over  CaH2  for  at  least  24  hours 
in  vacuo  (10  torr).  The  monomers  were  then  subjected  to  one  bulb- 
to-bulb  distillation  prior  to  use.  Maleic  anhydride  was  recrystal- 
lized from  CHC1-  and  sublimed  prior  to  use.  Bromine  was  washed  with 
concentrated  H2S04,  distilled  at  59°C,  and  stored  in  evacuated  con- 
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Benzoyl  peroxide  was  dissolved  in  a minimum  amount  of  CHjClj 
and  precipitated  into  methanol  twice.  The  Initiator  was  then  dried 
in  vacuo  and  stored  at  0°C.  AIBN  was  recrystallized  from  diethyl 
ether,  dried  and  stored  at  0°C.  Boron  trifluoride  etherate  was  frac- 
tionally distilled  under  at  124-25°C,  dried  over  CaH-  for  twelve 
hours  and  subjected  to  one  trap-to-trap  distillation.  The  initiator 
was  then  sealed  with  a rubber  septum  under  h'_  and  stored  at  0°C. 

The  initiators,  EtjOBF^,  PhjCSbClj,  and  FSOjH  (Aldrich)  were  used 
as  purchased.  Methyl  trifluoromethanesulfonate  was  distilled  at  94- 
96  °C  and  sealed  in  ampoules. 

Solvents  used  as  potential  non-solvents  for  precipitation  of 
polymeric  products  were:  methanol,  water,  diethyl  ether,  pet  ether 
or  hexanes,  carbon  tetrachloride  and  benzene.  Solvents  typically 
used  to  dissolve  polymers  were:  benzene,  acetone,  dimethyl  sulfoxide, 
dimethyl  formamide,  carbon  tetrachloride,  methylene  chloride,  tetra- 
chloroethylene  and  water. 

Reaction  of  3.3-0imethoxvcrclopropene  ll)  with  SnCl..  A poly- 
mer tube  was  flushed  with  Ng  and  charged  with  6 ml  anhydrous  CH-jCl ? 
and  12  pi  (0.10  mmole)  SnCl,,.  The  tube  was  connected  to  the  high 
vacuum  line,  and  the  contents  were  degassed  three  times.  Previously 
purified  and  degassed  (I)  (1.0  g,  10  mmoles)  was  introduced  into  the 
reaction  vessel  via  a trap-to-trap  distillation  and  subsequently 
sealed  in  vacuo.  The  frozen  contents  were  allowed  to  warm  to  -78”C 
in  a Dry  Ice/isopropanol  bath  producing  a dark  green  solution.  The 
color  remained  for  one  hour  and  then  became  blue  and  then  red  as  the 
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temperature  warmed  to  -40°C.  As  the  temperature  approached  0°C,  the 
solution  turned  brown  but  remained  homogeneous.  The  tube  was  opened, 
and  some  of  the  contents  were  dripped  into  several  non-solvents  with 
no  precipitation  observed.  The  remaining  solution  was  added  to  25  ml 
MeOH,  and  solvents  were  removed  in  vacuo.  The  residual  liquid  was 
analyzed  by  NMR,  and  was  a mixture  of  dimer  and  unidentified  products 
not  amenable  to  further  study. 

Reaction  of  (11  with  BF-j  Gas.  A 25  ml  round-bottomed  flask  was 
flushed  with  N?  and  charged  with  6 ml  anhydrous  CH-Cl-  and  1.0  g 
(10  mmoles)  (I).  The  contents  were  sealed  under  N-  with  a rubber  sep- 
tum and  cooled  to  -78I>C.  The  gaseous  initiator  (4.5  pi,  0.1  nmole) 
was  injected  into  the  stirred  reaction  mixture.  A faint-yellow  color 
appeared  within  five  minutes,  but  no  other  change  was  observed  over 
a two-hour  period.  A small  portion  of  the  polymerization  mixture  was 
removed  with  a syringe  and  added  to  several  non-solvents  with  no 
precipitate  observed.  The  reaction  temperature  was  increased  to  0°C 
for  one  hour,  and  an  additional  0.1  mmole  BF,  was  injected.  Once 
again,  no  precipitation  of  polymer  in  various  non-solvents  was  ob- 
served. The  remaining  solution  was  treated  with  ammoniacal  methanol, 
and  the  solvents  were  removed  to  give  a yellow  oil.  NMR  analysis 
revealed  the  presence  of  mostly  starting  material. 

Reaction  of  (1)  with  8Fj-0Et.,.  Et-|08F1  and  Ticl  1 - A procedure 
similar  to  that  described  for  the  reaction  of  (I)  with  SnCl,  was  car- 
ried out  using  10  nmoles  of  monomer  and  0.1  nmole  initiator  in  6 ml 
anhydrous  Cl^C^-  In  each  experiment,  no  polymer  was  produced. 
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although  a colored  species  similar  to  that  obtained  in  the  (I)/SnCl. 
system  was  observed  for  (I)  in  the  presence  of  TiCl.. 

Reaction  of  (V)  with  BF^-OEt...  EtjOBF^.  BjCSbClj.,  CFjSOjCHj  and 
FSOjIU  A procedure  similar  to  that  described  for  the  reaction  of  (I) 
with  SnCljj  was  carried  out  using  monomer  and  initiator  in  a 100:1 
molar  ratio.  In  the  case  of  CFjSOjCHj,  a small  ampoule  containing  a 
weighed  amount  of  Initiator  was  broken  in  a solution  of  (V)  in  CHjClj, 
at  -78°C.  All  other  initiators  were  weighed  and  transferred  with 
solvent  to  a polymer  tube  prior  to  introduction  of  monomer  on  the  high 
vacuum  line.  No  significant  reaction  of  any  kind  was  observed  in  any 
of  the  experiments  at  -78  to  08C. 

Polymerization  of  (V)  with  BFyOEU.  A 25  ml  round-bottomed 
flask  was  charged  with  1.4  g (10  nmoles)  (V)  and  10  ml  anhydrous  sol- 
vent. The  contents  were  sealed  under  Nj  with  a rubber  septum,  and 
the  appropriate  reaction  temperature  was  attained  in  a water  bath. 

The  prescribed  quantity  of  purified  BF.-OEt,  (see  Table  2)  was  in- 
jected into  the  stirred  polymerization  mixture.  Immediately,  the 
solution  became  brown,  and  precipitation  of  an  elastomeric  solid 

150  ml  pet  ether.  The  tan  precipitate  was  filtered  and  dried  in 
vacuo.  The  polymer  was  insoluble  In  all  organic  solvents  and  IN  ICON. 

Reaction  of  (V)  with  Carbonium  Ions  (XVI)  and  (XVIII).  A 25  ml 
round-bottomed  flask  was  charged  with  0-5  nmoles  (XVI)  and  10  ml 
CHgClg  in  the  dry  box.  The  contents  were  sealed  under  Nj  with  a 
rubber  septum,  and  the  reaction  vessel  was  transferred  to  the  hood. 
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The  homogeneous  solution  of  the  carbonium  ion  was  stirred  at  room 
temperature,  and  1.4  g (10  mmoles)  (V)  was  injected  in  one  portion. 
Following  a three-hour  reaction  period,  analysis  of  the  reaction  mix- 
ture revealed  the  presence  of  nearly  pure  starting  material. 

A similar  procedure  was  carried  out  using  0.5  ranoles  (XVIII) 
dissolved  in  10  ml  CH^CN.  No  reaction  occurred  after  three  hours. 

Reaction  of  (>11)  with  (XVI).  A procedure  similar  to  that  des- 
cribed in  the  previous  reaction  was  carried  out  using  0.8  g (5  moles) 
(XII)  and  0.25  mmoles  (XVI).  The  starting  materials  were  reacted 
for  three  hours  at  25°C  with  no  reaction  detected. 

Reaction  of  (V)  with  (XIX).  A polymer  tube  was  charged  with  45 
mg  (0.1  mmole)  initiator  and  connected  to  the  high  vacuum  line.  Then 
1.4  g (10  moles)  (V)  and  7 ml  anhydrous  CHjClj  were  introduced  via 
separate  trap-to-trap  distillations.  The  frozen  mixture  was  sealed 
in  vacuo  and  allowed  to  warm  to  -78°C  in  a Dry  Ice/isopropanol  bath. 

Ho  changes  were  observed  after  one  hour,  and  the  polymerization 
mixture  was  slowly  warmed  to  25°C.  After  two  hours  at  room  tempera- 
ture, the  Initiator  was  quenched  with  NaOMe,  and  solvent  was  removed 
to  give  nearly  pure  starting  material. 

Polymerization  of  (V)  with  Bromine.  In  a typical  reaction,  10 
mmoles  (V)  and  5-10  ml  anhydrous  solvent  were  introduced  to  a 25  ml 
round-bottomed  flask  under  a brisk  N?  flow.  The  mixture  was  cooled 
in  an  ice-water  bath  to  0°G,  and  purified  bromine  (0.52  ml,  10  mmoles) 
was  added  dropwise  at  such  a rate  as  to  maintain  the  pot  temperature 
at  0 * 2°C.  After  completion  of  the  bromine  addition,  the  mixture  was 


stirred  an  additional  30  minutes  at  0-25°C.  Unreacted  bromine  was 
removed  by  washing  the  reaction  mixture  with  10*  NaHSO,  and  water. 

The  organic  layer  was  separated,  dried  and  dripped  into  methanol  to 
precipitate  the  polymer.  The  polymer  was  then  dissolved  in  CHjClj 
and  reprecipitated  in  MeOH  twice  to  give  an  off-white  solid  in  7-33* 
conversions. 

The  solvent  and  conditions  of  the  polymerization  were  subject  to 
numerous  variations  and  were  listed  in  Table  3. 

Polymerization  of  (V)  with  Bromine  in  High  Vacuum.  To  a polymer 
tube  was  attached  a breaksealed  ampoule  containing  1.25  ml  (24 
mmoles)  bromine  in  5 ml  Ci^Cl ,, • 

The  reaction  vessel  was  charged  with  20  ml  anhydrous  CHjClj,  and 
the  contents  were  degassed  three  times.  Pure  (V)  (3.4  g,  24  nmoles) 
was  introduced  to  the  polymer  tube  via  two  trap-to-trap  distillations, 
and  the  contents  were  sealed  in  vacuo.  The  solution  of  monomer  and 
solvent  was  warmed  to  0°C,  and  bromine  was  added  in  small  portions 
from  the  ampoule.  Following  a two-hour  reaction  period,  the  reaction 
mixture  was  worked-up  in  the  usual  manner.  An  off-white  solid  weigh- 
ing 0.26  g was  recovered. 

Reaction  of  (V)  with  Other  Halooenatinq  Reagents.  In  a typical 
reaction,  a 10  ml  round-bottomed  flask  was  charged  with  5 mmoles  (V) 
and  2-3  ml  solvent,  and  the  contents  were  cooled  to  the  prescribed 
reaction  temperature  (see  Table  4).  An  appropriate  quantity  of  rea- 
gent was  added  in  small  portions  to  the  reaction  mixture  followed  by 
a one-  to  two-hour  reaction  period.  In  the  case  of  iodine,  a large 


volume  of  solvent  (25  ml)  was  required  to  completely  dissolve  the 
halogen.  Pyridine  perbromide  (PyrBr.,)  was  prepared  prior  to  use  by 
the  method  of  McElvain  and  Morris.73 

When  the  reaction  mixture  was  added  dropwise  to  a variety  of 
non-solvents,  no  solid  precipitate  was  formed.  Evaporation  of  sol- 
vent left  a liquid  residue  which  was  predominantly  starting  material 
in  all  cases. 

Attempted  Polymerization  of  Cvclopropenone  totals  and  Ortho- 
acrylates  with  Radical  Initiators.  In  a typical  procedure  pure  mono- 
mer, Initiator  and  solvent  (if  required)  were  charged  to  a polymer 
tube,  and  the  contents  were  degassed  three  times.  The  prescribed 
quantities  of  starting  materials  and  reaction  conditions  were  listed 
in  Table  6.  The  reaction  mixture  was  sealed  in  vacuo  (10‘6  torr) 
and  heated  for  an  appropriate  time-period.  In  the  case  of  photolysis, 
the  degassed  sample  was  irradiated  with  light  of  appropriate  wave- 
length in  a quartz  cell. 

Work-up  involved  dripping  the  reaction  mixture  into  various  non- 
solvents to  precipitate  any  polymeric  products.  When  no  solid  pre- 
cipitate was  detected,  solvent  (if  present)  was  evaporated,  and  the 
residue  was  analyzed  by  NMR. 

Radical  Initiation  of  (V)  in  the  Presence  of  a Trapping  Agent. 

The  trapping  agent,  2,2,6,6-tetramethylpiperidine-i-oxyl , was  pre- 
pared by  the  oxidation  of  2,2,6,6-tetramethylpiperidine  (10  g)  in  the 
presence  of  12  ml  30S  hydrogen  peroxide  and  a catalytic  amount  of 


phosphotungstic  acid.' 
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A polymer  tube  was  charged  with  2.9  g (21  mmoles)  (V),  1.09  g 
(4.2  mmoles)  8P0  and  0.66  g (4.2  mmoles)  trapping  agent,  and  the  con- 
tents were  degassed  several  times  and  sealed  in  vacuo.  After  heating 
for  22  hours  at  60  t 0. 1°C,  a black  viscous  product  was  obtained 
which  was  not  amenable  to  further  study. 

Determination  of  Charge-Transfer  Complex  Equilibrium  Constants. 
Both  ultraviolet  and  NMR  techniques  were  employed  to  measure  an  equi- 
librium constant  for  the  donor-acceptor  complex  of  (9)  and  (XXXV). 

In  the  UV  study,  monomer  (XXXV)  was  stirred  over  CaH?  for  several 
days  and  fractionated  at  70°C/0.02  rnnHg  prior  to  use.  Monomer  (V) 
was  stirred  over  CaH^  on  the  high  vacuum  line  for  one  day  and  sub- 
jected to  two  trap-to-trap  distillations  prior  to  use.  Spectral 
grade  carbon  tetrachloride  was  used  as  solvent  without  further  purifi- 

A stock  solution  of  0.75  M acceptor  was  prepared  by  dilution  of 
2.63  g (V)  to  25  ml  with  solvent;  and  2.00  ml  aliquots  were  trans- 
ferred to  six  10  ml  volumetric  flasks.  Five  of  the  flasks  contained 
accurately  weighed  quantities  of  donor,  while  the  sixth  contained 
solvent  and  acceptor  for  use  as  the  reference.  Dilution  with  CCl^ 
to  the  mark  gave  five  samples  with  a constant  concentration  of  accep- 
tor and  an  increasing  concentration  of  donor.  The  donor  monomer  was 
present  in  at  least  a 20:1  molar  ratio  relative  to  acceptor.  Actual 
concentrations  of  the  comonomers  In  each  sample  were  listed  in  Table 
14. 

The  procedure  for  the  proton  NMR  analysis  was  similar  to  that 


purified  by  distillation 


-78°C.  Spectral  grade  carbon  tetrachloride 


(Mallinckrodt)  was  used  as  purchased.  A stock  solution  of  0.2784M 
acceptor  with  IX  TMS  as  standard  was  prepared,  and  2.00  ml  aliquots 
were  transferred  to  six  10  ml  volumetric  flasks  containing  known 
quantities  of  N-vinylpyrrolidone  (see  Table  15).  Dilution  with  CC1 4 
to  the  mark  gave  six  samples  with  a constant  concentration  of  acceptor 
and  an  increasing  concentration  of  donor  which  was  also  present  in 
large  excess  (greater  than  6:1  molar  ratio). 

Copolymerization  of  Cvcl oprooenone  totals  with  Styrene  (St). 
2-Vinylpyridine  (2VP).  Acrylonitrile  (AW)  and  N-vinvl pyrrol idone 
(NVP).  All  copolymerizations  were  carried  out  in  tared  polymer  tubes 
which  were  washed  with  anhydrous  diethyl  ether  and  flushed  with  N- 
prior  to  use.  An  accurately  measured  volume  of  purified  comonomer 
was  pipetted  into  a polymer  tube  containing  18  mg  (0.5  mole  t ) puri- 
fied benzoyl  peroxide.  Pure  cycl opropenone  ketal  was  stored  at  -78°C 
under  Nj,  and  approximate  amounts  were  transferred  via  syringe  to 
the  polymer  tube.  The  actual  weight  added  was  determined  by  weight 
difference.  Four  to  five  samples  were  prepared  containing  various 
initial  monomer  feed  ratios  as  listed  in  Table  7.  The  contents  were 
degassed  three  times  and  sealed  in  vacuo  (10‘6  torr).  The  reaction 
vessel  and  connector  were  weighed,  and  the  copolymerization  mixture 
was  heated  to  60  ± 0.1°C  until  a conversion  to  copolymer  of  10X  or 
less  was  achieved.  In  each  case  the  contents  were  diluted  in  benzene 
(5-10  ml)  and  dripped  into  pet  ether  (250  ml)  to  precipitate  the  co- 
polymer (except  in  the  (V)/AN  system  where  DMF  was  used  as  diluent 


and  the  (V)/St  system  where  methanol  was  used  as  non-solvent).  The 
filtered  copolymers  were  dissolved  and  reprecipitated,  and  10-20  mg 
portions  of  each  copolymer  sample  were  lyophilized  from  benzene  in 
preparation  for  elemental  analysis. 

Copolymerization  of  Orthoacrvlates  with  St,  AM  and  2VP.  A pro- 
cedure similar  to  that  described  for  the  copolymerizations  of  cyclo- 
propenone  ketals  was  carried  out  using  18  mg  (0.5  mole  £)  BPO  as 
initiator  and  the  initial  monomer  concentrations  listed  in  Table  11. 
The  resulting  copolymers  were  isolated  and  purified  as  described 

Reaction  of  (VI  with  Maleic  Anhydride  (HA).  A polymer  tube  was 
charged  with  1.0  g (10  nmoles)  purified  HA,  24  mg  (0.1  mmole)  BPO 
and  10  ml  anhydrous  benzene,  and  the  contents  were  degassed  three 
times  at  10"“  torr.  Pure  (V)  (1.4  g,  10  mmoles)  was  introduced  to 
the  reaction  mixture  following  two  trap-to-trap  distillations.  The 
reaction  vessel  was  sealed  in  vacuo,  and  the  contents  were  heated 
to  60  t 0.1°C  for  four  days. 

The  contents  were  dissolved  in  benzene  and  precipitated  in  pet 
ether  to  give  a black,  viscous  material  not  amenable  to  further  study. 

Hydrolysis  of  Copolymers.  Saponification  of  the  pendant  ester 
moiety  in  the  copolymers  of  cyclopropenone  ketals  and  orthoacrylates 
was  achieved  by  treating  50  mg  copolymer  with  10  ml  0.5H  KOH  in  n- 
butanol  and  1 ml  toluene  and  refluxing  for  twelve  hours.  The  excess 
base  was  neutralized  with  IN  HC1,  and  the  hydrolyzed  copolymer  was 
precipitated  in  methanol.  After  reprecipitating  from  benzene  into 
methanol,  the  copolymer  was  filtered,  washed  with 
tane  and  dried. 
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